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THE clinical problems of breast carcinoma have been under intensive discussion 
for decades. A great deal of detailed information has been accumulated, but 
still widely different views are entertained as to diagnosis, treatment and thera- 
peutic results. Our present knowledge was amply illustrated during the panel 
discussion on treatment and results in cancer of the breast at the thirtieth annual 
meeting of the American Radium Society, Chicago (1948), and at the twenty-fifth 
meeting of the Northern Surgical Association, Copenhagen (1951), to which readers 
may be referred. 

A few points seem to be universally acknowledged, as regards treatment. 

Firstly, a careful and extensive surgical intervention will, in a number of cases, 
be life saving, or life prolonging. The condition is that the tumour has not spread 
beyond the field of operation. On the other hand, if the surgeon operates in a 
field where cancerous cells are present and the operation is incomplete, the surgeon 
may by his intervention precipitate an outburst of metastases and shorten the 
life of the patient. It may further be agreed that the development of the special 
surgical technique since the days of Halstead and Meyer is comparatively small, 
and that the advances, as manifested by a higher cure rate, are modest and mostly 
caused by improvements of surgery in general, for instance the introduction of 
penicillin and a better postoperative regime, thereby reducing the immediate 
operative dangers. It was this state of affairs that caused McWhirter (1949) 
to state: ‘‘ When radical mastectomy is the only method of treatment available 
and when all cases coming to a large general hospital are taken into account, the 
five-year survival rate is unlikely to exceed 25 per cent”. 

Secondly, it seems generally accepted that radiological treatment in a certain, 
restricted number of cases and under certain conditions, is able to effect a complete 
destruction of the tumour cells and thereby be life-saving. It further seems 
generally accepted that radiological treatment in other cases may, for a shorter 
or longer period, retard the development and the spread of the tumour cells, and 
that radiological treatment thereby may be life prolonging. Kreyberg (1938) 
microscopically examined breast carcinomas and axillary metastases which had 
been submitted to pre-operative irradiation. The material came from three 
different hospitals, using different radiological techniques and different doses. 
The conclusions were that : a pre-operative treatment, with the doses used, may 
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in a series of cases damage the tumour cells to a degree, histologically visible, 
and in rare cases lead to complete disappearance of the tumour cells. This effect 
is dependent upon the dose, the effect being more pronounced after stronger 
doses. Also the axillary metastases are damaged, but in a considerably lower 
degree than the primary tumour. But, even after the strongest doses (with 
tele-radium), a great number of tumours show such small changes that we must 
conclude that the cells are growing during and in spite of the treatment. These 
observations have been generally confirmed. Kaae (1952) stated that only 
15 per cent of all breast carcinomas are really radiosensitive. Baclesse (1949) 
had greater effects, but he used very heavy doses. An observation period of 5 
years only is, however, too brief, since one of the radiological effects is fibrosis 
and scarring, after which cancer cells, retarded in growth, may regain their vitality 
and proliferative possibilities at a later date. Haagensen (1949) stated ‘‘ Our 
reliance upon irradiation for the cure of the disease (breast carcinoma) has fal- 
tered until we have come to the point where we reserve irradiation for cases in 
which palliation is all that can be hoped for.” 

An attempt has been made to combine surgical and radiological treatment, 
in the hope of obtaining better results. Two main lines have been followed in 
Scandinavia, the Swedish line (Forssell), characterized by a pre-operative X-ray 
treatment with moderate doses, and the Danish (Nielsen, Kaae), and especially 
the Norwegian (Engelstad) line, characterized by a post-operative treatment with 
heavy doses, preferably by tele-radium. 

The lively discussion of the theoretical foundations and the speculations 
as to the mode of action on one hand, and the insignificant differences between 
the two methods as regards curative results on the other, bear sufficient witness 
that the improvements are not very great, or even unequivocal. 

Thirdly, other therapeutic means, especially hormone treatment, may have 
a marked palliative effect and to a limited degree be life prolonging, but sterili- 
sation of the tumour cells cannot be obtained. 

Fourthly, all students with a wider experience will have observed in very rare 
cases extraordinary retrogressions of advanced breast tumours with widely spread 
metastases, and more often delays in the development, which it is difficult to 
explain as results of therapeutic interventions, and where one is inclined to accept 
intrinsic biological processes antagonistic to the life and further development of 
the tumour cells. 

If we accept these basic facts, our next problem is to try to assess more pre- 
cisely the limits of our therapeutic means, and here we meet considerable obstacles. 

If two gardeners arrive at the market, one with five and the other with ten 
boxes of perfect apples, no one will venture an opinion as to who is the most 
successful gardener without asking how many apple trees each of them is culti- 
vating. This is, however, just what is done in many cases, where statistics are 
prepared presenting the therapeutic results from different hospitals and institu- 
tions without regard to the total number of patients received in the institutions 
and suffering from the disease under discussion. 

Winter (1902) fifty years ago proposed a programme as to how our thera- 
peutic results ought to be presented. These principles have been accepted by 
the gynecologists co-operating in the League of Nations Health Organization. 
Haagensen (1949) urged a similar attitude in the statistical presentation of 
“cures” and survival of sufferers from breast carcinoma, claiming that the 
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absolute or over-all cure rate only is significant, a standpoint strongly supported 
by McWhirter (1949). The absolute or over-all cure rate is the number of patients 
alive and symptom-free out of the total number of patients received in the hospital 
and suffering from the disease under investigation. All dead are counted as 
victims of said disease, regardless of the real cause of death. Even if this strict 
attitude is adopted, we meet, however, with factors which influence the statistics. 
Firstly, the general cancer consciousness of the society, which to a certain degree 
will influence the relative number of early and late cases. Secondly, social and 
racial factors, which may influence the soil of the cancer cells, and thirdly, the 
relative number of cases with moderate and with high malignancy, as shown by 
Bloom (1950). Kreyberg (1952) in a survey of lung cancer in Norway attempted 
to show that the difference in the sex distribution of this form of cancer in Norway, 
as compared to England and Wales, may be explained by the difference in the 
relative number of the different histological types. A similar situation may hold 
good for breast carcinoma as well. It is probable, therefore, that besides a plea 
for the use of absolute cure rates and tumour stages already in use, also a correction 
for tumour types and grades should be attempted. 

Nielsen (1951) gave as reasonable the following figures as the average chances 
for a breast carcinoma patient in Scandinavia : 


5-year survival rate, symptom free (operable cases), 35-50 per cent. 
5-year survival rate, symptom free (absolute), 20-30 per cent. 


These figures are valid for a population with a generally fair cancer conscious- 
ness and with a rather high standard of the doctors and the hospitals. Individual 
surgeons and special clinics may present better results, but such material is more 
or less selected. 

The cause of the depressingly low cure rate in breast carcinoma is two-fold : 
(1) the tumour cells have spread beyond surgical control before the operation is 
performed and even before the diagnosis is made, and/or (2) the tumour cells are 
not sufficiently radiosensitive. 

This state of affairs has naturally led to a quest for other means of improving 
the therapeutic results, and as one of those, the importance of ‘‘ early diagnosis ”” 
has been universally stressed and accepted. It may be useful therefore to 
examine the meaning of the designation “‘ early diagnosis”’. In the present paper 
it is intended to examine different definitions of the term “early diagnosis ” 
commonly used in order to ascertain our position today as regards the criteria 
for the immediate recognition of a breast carcinoma in a stage where a complete 
cure is possible, if a proper treatment actually at our disposal is used. Especially 
will be examined the foundation of a propoganda promising great hopes of cure if 
the patient arrives for treatment on the basis of an “‘ early diagnosis ’’. 

When a breast carcinoma develops morbid changes have usually been present 
in the tissue for a shorter or a longer period. Even if the essential change is 
considered to be a somatic mutation in a single cell, this mutation has its local 
cause. Further, the tissue is not clinically cancerous before the proliferation 
has reached a certain extent. From a therapeutic standpoint to-day the breast 
carcinoma is in its early phase as long as the tumour is localized to a degree that 
makes a complete cure possible by such a relatively simple local operation as 
mastectomy. This is the background for the designation ‘‘Stage I’’, and in the 
absolute sense mastectomy should by definition in such cases result in 100 per 
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cent cures. Ifa lower percentage is obtained it is because the tumour is question 
had already spread further and was no longer in Stage I. 

One definition of ‘early diagnosis” (p,), covering a common usage, may 
be a diagnosis made when the tumour is still in Stage I. 

If we inquire into the means of arriving at an early diagnosis, as stated in 
P,, we find that the simplest staging is the immediate clinical, whereby the pal- 
pating fingers try to ascertain the presence or absence of regional lymph nodes. 
Nohrman (1949) stated that in his series 28 per cent of the cases clinically diagnosed 
as Sta,,e I, by subsequent histological examination were shown to be in Stage IT 
or higher. Haagensen (1949) quoted a much higher figure, 45 per cent, as 
covering his experience. This immediate clinical staging is therefore considered 
useless for scientific and practical work. 

More exact is the histological staging, where the grouping of tumours depends 
upon the finding, or not, of tumour cells in the local lymph nodes. This staging 
is also subject to serious errors. Firstly, tumour cells may actually be present 
in the lymph nodes and the pathologist fails to find them. Secondly, tumour 
cells may have entered other lymphatic channels, by-passing the axillary lymph 
nodes. Handley (1952) found metastases in the intrathoracic lymph nodes, 
without involvement of the regional nodes in 3 per cent of his cases, and Mar- 
gottini (1952) found the same situation in 5 per cent of his cases. Thirdly, a 
certain number of tumours develop haematogenous metastases without involving 
any lymph nodes at all. The discrepancy between the number of tumours histo- 
logically classified as Stage I and the number of cures effected in this group, after 
a proper local operation, shows the degree of failure in the process of staging. 
This failure is approximately 20-30 per cent. In spite of this serious inaccuracy 
the histological staging is the method used for grouping of tumours for comparing 
different therapeutic interventions. 

The most accurate staging is the retrospective clinical, taking into considera- 
tion the final development of the cancerous process in each individual. But 
even this staging is not perfect. It has been mentioned that patients supposed 
to be Stage I eventually are shown to be in Stage II or further. On the other 
hand, patients believed to be Stage I, though actually in Stage II, may never be 
recognized as such if radiological treatment cures the patient. 

This brief survey shows that the decisive determination of the stage of a 
certain tumour is neither a direct nor an immediate process. A proper and com- 
paratively certain estimate of the correct stage of a tumour takes from 15 to 20 
years. The criteria are mainly obtainable as a result of a retrospective clinical 
survey. 

The definition of “early diagnosis”, as given in p, is useful in theoretical 
discussions of biological aspects of the tumour problem and for assessing the 
cure rates in connection with different therapeutic means and circumstances. 
Tf, on the other hand, patients are urged to seek “‘ early diagnosis ” in cases of 
breast cancer, the definition, as given in p,, is useless, because the definition does 
not give criteria immediately available to recognize a breast cancer still in Stage I. 

Another attempt at a useful definition of ‘‘ early diagnosis ’’ may be tentatively 
a diagnosis made in immediate sequence to the first symptom from the tumour 
regardless of the type of symptom (p,). This definition is very often silently 
admitted as valid, and commonly used. 

A great number of students have examined the main symptoms of breast 
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cancer, and have correlated the time lag between the discovery of the first symp- 
tom and the commencement of treatment on one side and the curative results 
on the other. It has, generally, tacitly been accepted that the longer the delay, 
the poorer the results. This sounds very reasonable and the statement evidently 
holds good in most individual cases, because most tumours begin as a local pro- 
liferation and gradually expand and eventually spread. 

Korteweg, however, already in 1880 pointed out the remarkable observation 
that the groups of breast cancer patients with the longest periods of symptoms 
showed the best curative results, and in a later paper (1889) advanced the explana- 
tion that a natural selection of carcinomas with a relatively low malignancy took 
place during the delay. Bloom (1950) has ably reviewed this problem and has 
analysed his own material from this angle. His results are shown in Table I. 


TaBLE I.—Duration of Symptoms and Prognosis (Bloom, 1950). 
5-year survivals. 
Duration 
of symptoms. Cases. Number. Per cent. 


6weeksorles. . 101 . 50 50 
3 months or less ° 184 ° 94 51 
3-6 months ° ° 125 ° 59 47 
6-12 months. ° 118 ° 56 47 
12 months ormore . 105 ° 55 52 

Bloom concluded that the survival rate is uniform, no matter how long the 
history. The explanation is that the groups have not a uniform composition. 
Bloom showed that in the first groups is a greater number of highly malignant 
tumours than in the latter, and stated that: ‘“‘ We are thus faced with the fact 
that by the time a highly malignant growth (Grade III) is discovered by the 
patient it is, in all probability, too late to eradicate, direct extension and meta- 
stases having already taken place.” 

Kreyberg and Christiansen (1953) have recently studied the same problem, 
considering the grades of the tumours, and have mainly supported Bloom’s con- 
clusion. 

This conclusion holds good for groups of cases. In single individual cases 
it will not hold good. Even the most malignant tumour will have a Stage I, 
however brief the period may be, and even the lowest grade malignant tumour 
may one day spread and pass into Stage II, or further. 

If we turn from the comparison of different groups of patients with varying 
time lag, and consider the absolute curative results in the groups with the shortest 
delay in treatment only, we may collect the figures shown in Table II from recent 
literature. 


TaBLE II.—T he Cure Rate in Breast Carcinomas with a Short Delay in Treatment. 


Duration of Observation period and 
Author. symptoms. Per cent. type of “ cure.” 

Luff (1932) ° 4weeks maximum 31 4 years survival “ in good health.” 
Eggers, de Cholnoky, 76 
Jessup (1941) ‘ ‘ 50 

Nohrman (1949). 55 
52 

IXreyberg, Christiansen 
(1953) ° 62 years “survival symptom 
(very small tumours 
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This table shows that even in these groups, where the time lag betwven diag- 
nosis and commencement of treatment is reduced to the practical minimum, 
only half of the average patients can count upon a 5 years’ survival symptom 
free. It seems, therefore, that the definition p, is of rather limited usefulness 
because a great number of the tumours are not any longer curable and the de- 
finition has not contained the criteria necessary to obtain this goal. A limited 
usefulness of p, is demonstrated by the fact that some patients, an unknown num- 
ber, have benefited from the shorter time lag—a question which will be discussed 
later. 

If we analyse the usual symptoms, some of them (a feeling of heaviness, pains, 
stinging sensation and similar) are rather vague and strictly subjective and little 
fitted for attempts at earlier detection. But among the symptoms analysed, a 
lump in the breast is the first in at least three-fourths of all cases, and this symptom 
is more material, more objective and more fitted for diagnostic research. Here 
a regular and systematic palpation may facilitate the discovery of comparatively 
small nodules, but there evidently is a certain lower size limit. 

Another attempt at a useful definition may accordingly be: a diagnosis of 
a very small tumour (p,), in the hope that all such tumours actually are curable. 

Kaae (1948) voiced the traditional opinion when he stated that: “It is 
generally recognized that the size of the tumour is a very important factor in 
the prognosis, and that the latter is much more favourable for the small tumours 
than for the large.” 

If we, however, examine the pertinent literature, we shall discover that the 
students of this problem are not at all unanimous. Bloom (1950), and Kreyberg 
and Christiansen (1953) have recently considered this question and from the 
last mentioned paper the following experience may be quoted. The material 
consisted of small carcinomas, the size varying from that of a hazel nut to that 
of a pea or a bean. The number of such small carcinomas was less than 6 per 
cent of the total number of malignant breast tumours examined. The fate of 
the patients was followed and the long range survey, ten to twenty year’s obser- 
vation, showed that nearly two-thirds of the patients had metastases when arriv- 
ing for treatment. More than half of the patients died, or would eventually die 
from their tumours. Even the very smallest carcinomas, those the size of a pea 
or a bean, had a fatal outcome in four out of ten cases. 

These facts show that our attempt to define “ early diagnosis ”’ as a diagnosis 
of a very small tumour (p,), actually a tumour as small as practically diagnosable, 
also fails miserably. — 

Taking into consideration the three commonly used or accepted definitions of 
“early diagnosis’, p, fails, because the criteria are not immediately available, 
and p, and p, fail, because the criteria do not enable a patient to recognize a 
tumour still in a curable stage. Nor is any other definition known, which makes 
such a recognition possible to-day. 

What p, and p, give are indications for obtaining the earliest possible diag- 
nosis with our present diagnostic means. An examination of the actual degree 
of earliness shows that only half of the tumours occurring in a population can, 
under the best possible conditions, be diagnosed early enough to be cured with 
our present therapeutic means. The reason is that nearly two-thirds of the 
tumours have metastasized before the tumour is diagnosable, and only a part 
of those are curable by surgical and/or radiological intervention. 
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The situation is shown in a siniplified form in Fig. 1. The Grade I tumours 
are very slowly growing and late metastasizing. Early or late diagnosis is not 
of very great importance. The Grade III tumours are very quickly growing 
and very early metastasizing. Most of these tumours are beyond therapeutic 
control before the primary tumour is diagnosed at all. The Grade II tumours 
are in an intermediate position, and these are the tumours where the question 
of earliness in diagnosis is of paramount importance. The number of such tum- 
ours is not exactly known, but in large series of carcinomas where a well-known 
history of development is available, data for a reasonable estimate should be at 
hand. 

Under these circumstances it seems strange that statements may be pro- 
nounced, claiming that “‘ in early cases of breast cancer ’’ more than 90 per cent 
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are cured. The word “early ”’ is here evidently used in the same meaning as in 
our definitions, discussed above, where earliness refers to a diagnosis and a treat- 
ment when the tumour is still in a curable stage. Earliness and curability are 
in this connection synonymous terms. The statement that ‘‘ early cases ’’ have 
a high curability is therefore a tautology, saying that curable cases have a high 
curability. The high percentage of cures is the result of a very strict selection 
of cases. First all cases proved to belong to Stage II, or further, are excluded. 
This would leave a curability of approximately 75 per cent for the remaining. 
Next, larger tumours, and finally especially malignant-looking tumours, are ex- 
cluded. The high percentage of cures is actually an expression of the analyst’s 
ability in retrospective selection of cases. A further improvement in the statistics 
may be obtained by a still greater efficiency in the process of selection, not neces- 
sarily being an expression of increased chances for the patient at large to survive. 

It is not correct and not fair to publish such statistics in a manner that makes 
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the public believe that if the women examine themselves regularly and carefully, 
and pay a visit to a competent doctor at the first suspicion of a symptom from the 
breast, their chances of a complete cure is in the vicinity of 90 per cent. The 
truth is that the chances are somewhere in the vicinity of 50 per cent. Kaae 
(1948) arrived at the same standpoint, and wrote: “It is indicated by these 
investigations that a 5-year symptom-free survival rate of about 40 per cent is 
obtainable in Denmark to-day, and that these results may be improved from 40 
to 50 per cent, if all patients see a doctor as soon as they notice the first symptom, 
and if the doctor makes the correct diagnosis and institutes adequate treatment 
without delay ”’. 

The present study seems to show that a diagnosis as early as possible is of 
great importance to a certain, yet unknown, number of individual breast car- 
cinoma patients. As we do not beforehand know who will benefit and who will 
not, a general plea for “early diagnosis ” is fully substantiated, as every indi- 
vidual salvaged is important. We must, however, always have in mind that 
the benefit is statistically moderate, and we ought to be modest in our claims as 
to the possibility of materially altering the situation for the breast carcinoma 
patients by this approach to the problem. 

It has finally to be added that the present conclusion is based upon the use 
of the word “early ” as an expression of curability seen on the background of 
our present diagnostic and therapeutic means. As soon as one or both of these 
factors are altered, a new appreciation of the situation will have to be made. 


SUMMARY AND CONCLUSION. 


After a survey of the facts available, according to which the prospective 
chances of a breast carcinoma patient are shown to be very far from satisfactory, 
and according to which likewise the advances in treatment and cures have been 
shown to be very modest, a semantic analysis has been carried out, regarding 
the foundation of the claims that early diagnosis is of great importance for 
obtaining better results. 

The analysis has shown that the use of the term “early” refers to a state 
where a breast carcinoma is curable with our present therapeutic means. The 
term is not used in the sense of a more or less absolute time unit. Earliness is, 
actually, here synonymous with curability to-day, and this again, in most cases, 
means a carcinoma in Stage I. 

If we examine the means to diagnose a carcinoma still in Stage I, we will 
discover that such a diagnosis can with a reasonable certainty be made only 
after a retrospective clinical survey, lasting some 15 to 20 years. 

The analysis further shows that we have no criteria enabling an immediate 
‘“‘eary diagnosis”, in the sense required. What we have at our disposal are the 
criteria for making a diagnosis as early as possible with our present diagnostic 
means. The efficacy of these criteria leads to an estimated optimal absolute cure 
rate in the vicinity of 50 per cent. 

The failure is caused by the fact that an important number of patients have 
already developed metastases, beyond therapeutic control, at the moment of the 
earliest possible diagnosis, 

A plea for “early diagnosis” should nevertheless be maintained, because 
earliness is of importance in a certain restricted number of individual cases. 
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In the course of a study of amino-acid metabolism in liver disease grossly 
abnormal amounts of ethanolamine (amino-ethanol, CH,(NH,) . CH,OH) were 
found in the urine of a patient with primary carcinoma of the liver (Dent and 
Walshe, 1951). No other amino compounds were found in abnormal amounts 
in the urine, and the excretion of ethanolamine persisted unaltered throughout 
the remaining 7 months of life. The same study indicated that an excessive 
output of ethanolamine frequently occurred in the urine of patients with severe 
parenchymal liver disease, but that in such cases it was always accompanied 
by an excess of many other amino-acids.. The presence in the urine of large 
quantities of ethanolamine, as an isolated abnormality, in the patient with 
primary carcinoma of the liver was therefore of some interest. Its excretion 
might have resulted from a disorder of metabolism consequent on non-specific 
liver damage or from some peculiar form of neoplastic cell metabolism ; or it 
might even have represented a hitherto unrecognised error of metabolism which 
preceded and led to the development of a primary carcinoma in the liver. 

It has for some years been recognised, as a result mainly of animal experiment, 
that ethanolamine plays an important role as an intermediary in the metabolism 
of phospholipids and amino-acids. The metabolic inter-relationship between 
these compounds is shown in the accompanying figure (Fig. 1). 


Serine 
and Ethanolamine + methyl groups Choline 
glycine from methionine 


Phospholipids Phospholipids 
(cephalin). (lecithin). 


Fic. 1.—Some metabolic inter-relationships involving ethanolamine and other compounds. 


Experimental dietary deficiency of choline has also been extensively studied. 
In rats it has been shown to lead to the production of fatty livers, followed after 
some time by cirrhosis. More recent work has shown that this may be followed 
eventually by the development of hepatoma-like tumours (Copeland and Salmon, 
1946 ; Staub, Viollier and Werthemann, 1948). Furthermore, choline deficiency 
of a severity not sufficient to produce cirrhosis predisposes the liver to the car- 
cinogenic action of Butter Yellow (Opie, 1944; Buckley, Buckley and Snipes, 
1951). In the human hepatomata that occur in tropical countries there is ample 
evidence that dietary factors are concerned (Berman, 1951). The possibility 
that the continued loss of ethanolamine in the urine of our patient might have 
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been the primary metabolic defect leading to a conditioned choline deficiency 
and eventually to hepatoma formation had therefore to be considered seriously. 
With this possibility in mind, it may be noted that certain clinical features were 
unusual; the patient survived in comparatively good health for over 3 years 
after the original discovery of hepatic enlargement, at post-mortem examination 
no fibrosis was found in the small amount of remaining liver tissue and, apart 
from the adjacent lymph glands in the porta hepatis, no secondary tumours were 
found. 

Once the ethanolaminuria in our patient was detected and confirmed unam- 
biguously by chemical means (Dent, Fowler and Walshe, 1951), the opportunity 
was taken to carry out a series of metabolic studies on the patient. Further, 
since the presence of ethanolamine in the urine might have proved to be a geneti- 
cally linked error of metabolism, or of diagnostic value, investigations were also 
carried out on urine from the patient’s parents and siblings and on a series of 
cases of primary and secondary carcinoma of the liver. The results of these 
later studies are here reported. 


Case history. 

Mrs. C. L—,; a housewife, was aged 45 years at the time of her death in 1950. 
Apart from an attack of jaundice at the age of 7 she was in good health until 
April, 1939, when, at the age of 34, she had a febrile illness with delirium and a 
productive cough. She had a second similar attack in October that year, and 
this, like the first, lasted about 3 weeks. She suffered from similar attacks each 
winter until 1942. In that year her illness was more severe and was associated 
with generalised aches and pains and vomiting. Since that time she suffered 
from morning vomiting and also a burning pain, relieved by alkalis, behind the 
lower end of her sternum. Despite these regular winter illnesses and an increasing 
sense of tiredness she continued with her work in a munitions factory until 1945. 
From then until her death in 1950 she worked as a housewife. 

In January, 1947, she first noticed a painless lump in her abdomen. In March 
of that year, following an illness with fever and malaise, she noticed that her 
abdomen was becoming tender to touch, her appetite was failing and the morning 
vomiting was becoming more severe. It was at this time that she was first seen 
and admitted for investigation at University College Hospital. Both parents 
and her 4 siblings were all alive and well. Examination revealed a pale, slightly 
cyanosed, nonicteric woman of 8 st. 10 lb. (55-5 kg.). The cardiovascular system 
was norm:l and the blood pressure 115/80 mm. Hg. There were numerous 
rhonchi scattered over both lung fields. The central nervous system was normal. 
The abdomen was distended by a considerable enlargement of the liver, which 
had a firm irregular edge stretching from the left hypochondrium almost to the 
right iliac fossa. Neither the kidneys nor the spleen could be felt. Details of 
some of the pathological examinations made at that time are given in the accom- 
panying table (Table I). In addition, the peripheral blood and sternal marrow 
were normal, the sedimentation rate was raised, the prothrombin concentration 
and serum flocculation tests were normal, there was no occult blood in the stools, 
the Wassermann reaction was negative and free hydrochloric acid was present in 
the stomach. Straight X-ray examination of the chest and abdomen revealed 
no abnormality. It was concluded that she had secondary carcinoma of the 
liver, the primary growth not having been found. 
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Hip- Pro- Bromsul- Red 
puric thrombin Serum Serum Serum phalein _ cell 
Date acid concen- albumin globulin floccu- Pking "clear: cholines- 
"thesia, 166 mi), tests.» terol. units (ICO 
normal). 100 ml.). (me. per pes, 30 min.). mi./hr.).¢ 100 mi.). 
100 ml.) 100 ml.). 
-iv.47 . 288g. — . 41 . 24 .-ve. — —. = 
or 94% 
x.47 127% 1 — .-ve.— = 
viii.49.  — 4-1 33 1606 1199 
i.5¢ 4-2 3-3 . —ve . less 5% . 1206 1249 
than Te- 
0-4 tained 
iv.50 . — 71 0-4 125 


* Serum flocculation tests = colloidal ant, cephalin cholesterol, thymol turbidity and flocculation. 
t Lower limits of normal = 1000 units 

27.v.50 Electrophoretic esters of plasma proteins PY gg by Dr. N. Martin. 
Albumin 45%, a-globulin 14%, p-globulin 24 %, y-globulin 17%. 


In October, 1947, because of her continued good general condition, she was 
readmitted for further investigation ; all tests performed in March were repeated 
and were again normal ; in addition a barium meal examination was performed 
and this was also normal. Needle biopsy of the liver revealed a hepatoma 
(Fig. 2) of the liver-cell type without any evidence of fatty infiltration or fibrosis. 

During 1948 she complained of occasional back pain and a gripping pain in 
her abdomen, mostly in the left flank and along the lower border of the liver. 
She was able to carry on with her housework, her appetite was still good and her 
bowels regular ; she was, however, troubled by occasional nose bleeds. During 
the year her abdominal girth increased from 89 to 94cm. In 1949 there was little 
change in her general condition except for the development of ankle oedema ; 
the liver continued to enlarge and she had rather more abdominal pain. Her 
weight remained steady and the biochemical tests of liver function were all 
normal. It was in December of this year that a urinary chromatogram was first 
carried out, and this revealed a large excess of a ninhydrin reactor later identified 
as ethanolamine by specific chromatographic techniques and by isolation in the 
pure state (Dent, Fowler and Walshe, 1951). 

During the first 4 months of 1950 abdominal pain became more severe and the 
liver continued to enlarge. Repeated examinations of the urine continued to 
reveal the presence of ethanolamine as a persistant abnormality and in April 
she was admitted for metabolic studies. Examination revealed a small wasted 
woman, weight 8 stone 10 lb., with marked cyanosis, clubbing of the fingers, 
capillary pulsation, intense engorgement of the superficial veins over the chest 
and abdomen and gross abdominal distension. In the heart there was a loud 
rough systolic murmur all over the precordium, maximal at the apex. The pulse 
was regular at 90 and the blood-pressure was 110/60 mm. Hg. There were 
thonchi over both lung fields and bilateral basal rales. In the nervous system 
the pupils were normal, the knee- and ankle-jerks were absent and the plantar 
responses were flexor. The abdominal girth had increased to 109 cm., the liver 
edge was almost at the pelvic brim and extended into both flanks; the spleen 
was not palpable, nor was it possible to demonstrate free fluid. Pelvic examination 
was normal. There was moderate oedema localized to the feet. There were 
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no spider telangiectases and no palmar erythema. Routine pathological examina- 
tions showed little change since the previous admission except for a fall in the 
haemoglobin to 68 per cent and in the prothrombin concentration to 48 per cent. 
The E.C.G. was normal, the circulation time was 17 seconds from arm to lung 
and 35 seconds from arm to tongue. The cyanosis was rapidly and completely 
relieved by breathing oxygen. Whilst in hospital she ran a continuous low-grade 
fever. The metabolic studies carried out during this period are described later. 
Opportunity was also taken at this time to examine chromatographically the 
urines of both parents and the other 4 siblings ; all showed a normal concentra- 
tion and pattern of amino-acids. At the conclusion of the metabolic studies the 
patient went home much improved for her fortnight’s rest and largely pain-free 
for the first time for 2 years. She was instructed to take methionine | g. daily 
for 4 weeks and after this choline hydrochloride 2 g. daily for a further month. 
On June 21, 1950, she was readmitted to hospital with an attack of broncho- 
pneumonia. Apart from her chest infection and gross oedema of the legs her 
general condition was unchanged. She volunteered the information that since 
taking choline her abdomen had felt looser and had been less painful. The 
pneumonia was successfully treated with penicillin, and whilst on this her fever 
was, for the time only, controlled. Opportunity was taken to give her, by mouth, 
1 g. ethanolamine labelled with 50 per cent atom excess of 15N. Blood was taken 
8, 24 and 48 hours later for analysis. Urine was also saved for 24 hours. After 
completion of this experiment, the results of which it is hoped to describe later, 
it was found possible to control her oedema with mersalyl and a low salt diet ; 
she was sent home on this régime. Shortly after returning home she again 
developed bronchopneumonia and died. It was not, unfortunately, possible to 
carry out post-mortem examination until 48 hours after death, and as the body 
was not refrigerated during this time autolytic changes considerably obscured 
the histology. 

Post-mortem report (Dr. J. Judah).—Weight of body 57-5 kg. The immediate 
cause of death was bronchopneumonia and pulmonary oedema. There was no 
other pulmonary disease and no evidence of malignancy, either primary or 
secondary, in the lungs. The heart and great vessels were normal. The liver 
was enormously enlarged (Fig. 3) and weighed 13,120 g., this was nearly } of her 
total body-weight. It occupied almost the entire abdominal cavity ; its surface 
was grossly irregular with many bossed tumour deposits; there was a large 
infarct in the right lobe below the diaphragm. Both lobes of the liver were 
equally affected by the disease process. In the porta hepatis was a mass of 
glands weighing 890 g. The gall bladder and extra-hepatic bile ducts were 
normal and were not obstructed. The hepatic artery and portal vein and also 
the hepatic vein were free of malignant disease. On section (Fig. 4, 5, 6) the tumour 
could be seen to replace more than 90 per cent of the liver, many of the tumour 
nodules were necrotic and there were cystic spaces containing clotted blood. The 
spleen weighed 180 g. and was normal. The oesophagus, stomach, small and 
large gut and pancreas were all normal, as were also the ovaries, tubes, uterus, 
bladder, kidneys, ductless glands and nervous system. A very careful search for 
a possible extra-hepatic primary growth was made and was entirely negative. 

Professor G. R. Cameron reported on the histological sections of the liver as 
follows: “The tumour is undoubtedly a hepatoma; it has not changed in 
character between 1947, when the biopsy was taken, and 1950. The most notable 
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feature is the arrangement of large alveolar spaces filled with remarkably uni- 
form cells which bear no resemblance to those found in regeneration nodules.” 


Metabolic Studies. 


These studies were aimed firstly to see if the patient’s ethanolamine output 
would be lowered by supplements of known methyl donors (choline, methionine, 
and betaine), secondly to see if it would be raised either by giving known ethano- 
lamine precursors (serine and glycine) or by ethanolamine itself. 

During the first period of these studies, April 18 to May 4, 1950, the patient 
was given a diet of her own choosing which contained 100 g. of protein daily. 
This was maintained unchanged throughout the experimental period. Urine 
specimens were collected in 24-hour periods from 10 a.m. on the first day. On 
the fourth day of the diet choline chloride (4-7 g.) was given in divided doses 
between 12 noon and 6 p.m. On alternate days thereafter equimolar amounts 
of the following supplements were given in a similar manner ; methionine 5-0 g., 
serine 3-5 g., othanolamine 2-05 g., betaine hydrochloride 5-2 g. Each 24-hour 
urine was analysed chromatographically for amino-acids and chemically for 
ethanolamine. In addition blood specimens were drawn soon after the last dose 
of each supplement had been taken and were analysed for amino-acids. 

Further 24-hour urine specimens were collected from her as an outpatient 
after she had been for 4 weeks on 1-0 g. daily of methionine and again after 4 
weeks on 2-0 g. daily of choline chloride. These specimens were analysed for 
ethanolamine, as were also two 24-hour urines from a healthy adult on an uncon- 
trolled diet, one before and one immediately after the oral administration of 
2-05 g. of ethanolamine. At a later date a further 24-hour urine was also collected 
from the patient and analysed during a similarly administered dose of glycine, 
2°5 g. 


Biochemical Methods. 


Paper chromatography.—Two-way chromatograms (18 x 22 in.) using phenol/ 
ammonia and collidine-lutidine/diethylamine (Dent, 195la) were used in all the 
amino-acid analyses. 

Chemical assay of ethanolamine.—The principle of the method is to determine, 
by aeration, the additional ammonia produced on treatment of the urine with 
an excess of periodate in the presence of sodium carbonate. The reaction is 
specific for an NH, group attached by two carbon atoms to a hydroxyl or other 

—C—NH, —C—NH, 
amino group, i.e., for the groupin or | The only common 
_b on —C—NH,. 
naturally occurring substances which fulfill this specification are the amino-acids 
serine and threonine and the base ethanolamine. The chromatograms showed 
that all the urine analysed here contained only traces of serine and threonine 
(Fig. 7). Since, however, the method is not specific for ethanolamine the results 
(see later) are quoted as showing the amounts of “ apparent ethanolamine ” 
present. Full details of the method of estimation will be published later. 

Identification —Ethanolamine was first identified by position matching on the 
chromatograms against synthetic ethanolamine and other ‘‘ marker ”’ amino-acids. 
The identification was further strengthened by showing that the substance giving 
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the spot was decomposed on treatment with periodate and remained unchanged 
when run on a chromatogram treated with copper carbonate (Crumpler and Dent, 
1949). It was also shown to be volatile in the steam from a boiled alkaline 
solution. It has now been isolated in pure form and identified by classical 
chemical methods (Dent, Fowler and Walshe, 1951). 

Biological assay of choline —This was performed for us by Mr. J. Bligh by a 
method depending on acetylation followed by biological assay of the acetyl- 
choline produced (Bligh, 1952). 


RESULTS. 
Amino-acids and Ethanolamine in Urine and Plasma. 
Urine and plasma chromatograms. 

The pattern of ninhydrin reacting spots on the urine chromatograms was very 
constant during the last 8 months of the patient’s life, except during the meta- 
bolic experiment. A photograph of a typical chromatogram is shown in Fig. 7. 
Apart from the very strong spot given by ethanolamine the remaining spots are 
of similar strength and pattern to those found in many normal urines. There 
was, however, an increase to a slightly abnormal level of the strength of the 
cystine spot during the patient’s last few months of life, and the unidentified 
weak “ under proline” is not commonly found in urine whether normal or patho- 
logical. The only clearly identified gross abnormality was, nevertheless, the 
increased excretion of ethanolamine. These results clearly suggested that the 
ethanolamine was not the result of variable extrinsic factors (such as diet), but 
was more likely to be due to a continuing metabolic abnormality. 

The plasma chromatograms were quite normal, except for a faint trace of 
ethanolamine. This indicated a definite, if slight, increase in the ethanolamine 
concentration of the plasma since the quantity (625 yl.) of desalted plasma ultra- 
filtrate analysed was not sufficient to reveal the ethanolamine present in the 
plasma of a normal person. The increased ethanolamine level in the patient’s 
blood was confirmed more easily on chromatograms with double quantities 
(1250 yl.) of plasma. 


Urine and plasma chromatograms during the metabolic studies. 

The chromatograms of 24-hour urine specimens collected immediately after 
each substance had been given showed that methyl donors failed to decrease, 
and ethanolamine precursors failed to increase the daily excretion of ethanola- 
mine. 

Patient (C. L—).—After choline, no change in the pattern of amino-acids or 
ethanolamine excretion. After methionine, large increase in methionine excre- 
tion. After serine, large increase in serine excretion. After ethanolamine, 
increase in ethanolamine excretion. After betaine, no change. After glycine, 
no change. 

Normal control_—After ethanolamine, large increase in ethanolamine excre- 
tion. 

The 24-hour urines on the second day after the test substance showed a 
return to the basal state in every case. It appeared from these results that there 
was no methylation defect present in the patient, and that she could not produce 
ethanolamine readily from the fed glycine and serine. 
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The plasma drawn half an hour after the oral dosage showed that only 
ethanolamine itself influenced the plasma ethanolamine concentration, the 
following changes were observed : 

Patient (C. L—).—After choline, no change in the pattern of amino-acids or 
of ethanolamine. After methionine, large increase in methionine concentration. 
After serine, increase in serine concentration. After ethanolamine, increase in 


EXPLANATION OF PLATES. 


~ ——— biopsy of the liver of the patient (C. L—), October, 1947, 3 years before death. 
-&E. xX 360. 


Fic. 3.—Post-mortem appearance of the liver of patient (C. L—). The liver weighed 13-1 kg. 


Fic. 4.—Post-mortem histological appearance of the liver of the patient (C.L—). H. & E. 
x 265. 

Fic. 5.—Post-mortem histological appearance of the liver of the patient (C. L—). The 
advancing edge of the tumour is shown compressing and destroying the hepatic parenchyma. 
H.& E. x 90. 

Fic. 6.—Post-mortem histological appearance of the liver of the patient (C. L—). This 
section shows a remarkable similarity to one published by Berman (1951, p. 65, fig. 35). 
H.& E. x 90. 

Fic. 7.—Photograph of paper chromatogram from the urine of the patient (C. L—). The 
urine to be analysed was placed at the right-hand bottom corner of the paper. Phenol was 
run as the first solvent in the direction from right to left, followed by collidine-lutidine in 
an upward direction as the second solvent. The spot identifications are as follows : 1, cysteic 
acid (from cystine) ; 2, artefact due to chloride ; 3, taurine ; 4, serine ; 5, glycine ; 6, gluta- 
mic acid; 7, —— acid; 8, alanine; 9, B- aminoisobutyric acid ; 10, ethanolamine ; 
ll, methyl histidine ; 12, “ under proline,” an unidentified amino-acid. 
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Fic. 8.—Section of rat hepatoma kindly provided by Dr. Copeland. Hepatocellular type of 
tumour produced by prolonged feeding on a choline deficient diet ; (no carcinogens added). 
Note the difference from the histology shown in the illustrations of the tumour of C. L— 
(fig. 2,4,5 and6). H.& E. x 135. 

Fig. 10.——Section of rat hepatoma kindly provided by Dr. Copeland. Cholangiocellular type 

of tumour, produced by prolonged choline deficiency ; no carcinogens added. This is 

remarkably similar to a section of a human hepatoma published by Berman (1951, p. 78, 

fig. 53). H.& E. x 135. 
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ethanolamine concentration. After betaine, no aiiett After glycine, increase 
in glycine concentration. 

These results were consistent with the urinary findings, and indicated that 
the urine was accurately reflecting the plasma changes. 


Quantitative analysis of ethanolamine. 

Rough comparisons of the strength of the spot in the chromatograms of the 
patient’s urine against known quantities of ethanolamine showed that the 24-hour 
output was of the order of 500 to 800 mg. 

The results of the chemical analysis are shown in Fig. 9. It is seen that the 
output of “‘ apparent ethanolamine ”’ increased most on the day after the ethano- 
lamine had been given and was probably still increased on the second day. The 
“increase ’’ after serine was almost certainly due entirely to serine and not to 
additional ethanolamine, since the chromatograms showed a greatly increased 
serine output on this day and serine also gives rise, in the assay method, to its 
equivalent of “apparent ethanolamine”’ (see above). The normal control 
showed a much greater increase after giving ethanolamine than did the patient. 


Choline assay in the urine of C. L—. 

The value obtained for the choline in the patient’s urine during a control 
period was 2-2 vg./ml., that is, approximately 3-8 mg./24 hours. This level is very 
similar to that found for a normal healthy adult, 2-3 ~g./ml., or 4-6 mg./24 hours, 
and both values are of the same order of magnitude as those reported by Borglin 
(1947) and by other workers. During oral administration of 4-7 g. of choline 
chloride daily the urine was found to contain 13-5 yg./ml., or about 14 mg./24 
hours. A similar rise in output was not obtained when the normal control 
ingested the same amount of choline chloride. The significance of this observa- 
tion is not known, but in any case less that 0-5 per cent of the administered 
choline was recoverable from either urine. 


Amino-acid patterns in the urine of 7 other cases with primary and 7 with secondary 
carcinoma of the liver. 

The amino-acid patterns were quite different from the case (C. L—). Only 
one case (B. C—), who had a primary carcinoma of the liver, had any appreciable 
output of ethanolamine in the urine, the quantity, however, being lower than in 
the case of C. L— and the pattern also different in other respects. Brief case- 
histories of al! these patients and further details of the urine analyses will be 
found in Appendices A and B. 


DISCUSSION. 
Of particular interest in this case was the biochemical finding of heavy and 
prolonged ethanolaminuria. Clinically, also, the case was remarkable for the 
enormous size of the tumour.- The liver weighed 13,120 g. and comprised almost 
a quarter of the body-weight (57,500 g.). Berman (1951) quotes 10,896 g. as 
the largest previously reported (in a case described by Cooper-Cole et al., 1935). 


Pathogenesis of ethanolaminuria. 
The immediate cause of the ethanolaminuria was a raised plasma level for 
ethanolamine. The chromatograms showed this clearly, although the quantities 
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involved were very small and the “spots” only just detectable. It has been 
shown that many of the known amino-acidurias result mainly, if not entirely, 
from a raised renal clearance (low threshold) for amino-acids (Dent, 19516). It 
is not necessary to invoke this mechanism as a cause for the ethanolamine excre- 
tion here, since the normal subject who took ethanolamine by mouth produced 
a comparable urinary output at an induced blood level roughly similar to that of 
the patient. The increased ethanolamine excretion of the patient after an oral 
dose of 2-05 g. (i.e. 20 per cent of dose excreted in 24 hours) was not so great as 
the extra output of a normal subject after the same dose (i.e., 33 per cent of the 
dose in 24 hours). This paradoxical finding requires some explanation. We 
suggest that it can best be understood in terms of an increased membrane per- 
meability, on the part of the tumour cells, for ethanolamine. If such abnormal 
permeability existed, a larger percentage of the loading dose of ethanolamine 
would pass from the extra-cellular fluid to the cells of the patient than it would 
in the case of the normal control. The control would, therefore, have a greater 
increase in plasma level, and would excrete a higher proportion of the test dose 
of ethanolamine than would the patient, at least in the first 24 hours. It is 
possible that, had the investigation been prolonged over a 3-day period, for the 
control as well as the patient, the percentages of the loading dose of ethano- 
lamine excreted by both would have been seen to be the same. Reference to 
Fig. 9 shows clearly that in the case of the patient there was an increased output 
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Fie. 9.—Mrs. C. L—. Output of “ apparent ethanolamine ” on various dietary supplements. 
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of ethanolamine for 2 and probably 3 days after the test dose, as if it were still 
escaping from the tumour cells and becoming available for excretion by the 
kidney. Furthermore, this theory of altered membrane permeability would 
explain the chronically raised plasma level and, vonsequently, the markedly 
increased and continuous urinary excretion of ethanolamine in terms of the free 
escape of ethanolamine from the great bulk of the tumour, where it was being 
continuously synthesised. 

If this explanation is correct this patient illustrates the type of defect previously 
described by one of us as a “ deviation of metabolism ”’ (Dent, 1950), and is not 
an “error of metabolism ”’ in the sense used by Garrod (1923) with reference to 
certain congenital diseases. 


Diagnostic value. 

It is improbable that the findings of ethanolaminuria will prove to be important 
in the diagnosis of malignant disease of the liver. In the present series, besides 
the case under review, 7 other cases of primary carcinoma of the liver have been 
investigated, and in none was a similar isolated urinary excretion of ethano- 
lamine found. It must be admitted, however, that none of these appeared to 
be related clinically or pathologically to the present case (Appendix A). The 
urine from 7 cases of extensive secondary carcinoma of the liver (Appendix B) 
was also investigated with negative results. It is not clear from the evidence at 
present available whether there is a specific, though rare, type of hepatic neo- 
plasm characterised by an increased urinary excretion of ethanolamine or whether 
any tumour, if large enough, would give rise to a similar finding. The detection 
of ethanolaminuria in association with an increased excretion of certain other 
amino-acids, referred to earlier (Dent and Walshe, 1951), is probably a highly 
specific indication of liver damage; however, the finding in the present case 
(C. L—) is so far unique. 


Biochemical significance. 

The biochemical significance of the ethanolamine cannot, as yet, be assessed. 
Originally it was hoped to demonstrate a metabolic block in the first methylation 
stage (A) in the synthesis of choline, since this would readily account for the 
raised plasma and urine contents of ethanolamine, e.g. : 


(A.) (B.) (C.) 
CH,NH,+CH, CH,NH.CH,+CH, OCH,N(CH;),+CH, (CH,), 


OH ,0H H,OH H,OH 
(ethanolamine). (choline). 


But, as has been mentioned already, we now prefer the theory of an increased 
membrane permeability for ethanolamine. The principal objection, perhaps, to 
the theory of a metabolic block is that if it were appreciable in extent it should 
have resulted in some degree of choline deficiency as well as in the accumulation 
of unmetabolisable ethanolamine. In experimental animals choline deficiency 
leads to fatty infiltration of the liver followed by fibrosis and, if sufficiently 
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prolonged, to the development of hepatoma-like tumours (Copeland and Salmon, 
1946 ; Staub, Viollier and Werthmann, 1948). It appeared possible, at one time, 
that our patient (C. L—) might have passed through these stages in acquiring 
her hepatoma. However, both needle biopsy of the liver in 1947 and the post- 
mortem examination in 1950 failed to reveal the presence of fatty change or of 
fibrosis of the liver. Moreover, the daily excretion of choline in the urine was 
within normal limits. Finally, the tumour sections were not at all similar to 
any of those, very kindly lent to us by Dr. Copeland, taken from rats which had 
been on a prolonged choline-deficient diet (Fig. 8 and 10). We are, therefore, 
unable to accept the possibility that the large urinary excretion of ethanolamine 
resulted from a disturbance of the known metabolism of choline or one of its 
important intermediate metabolites. We prefer to believe that it was caused 
by some other property of this particular type of heptoma, such as a disturbance 
of ‘‘ cell membrane permeability.” 

A further problem has been posed by the complete failure to increase the 
excretion of ethanolamine in the experiments in which large doses of its known 
biochemical precursors (glycine and serine) were given by mouth. This fact 
appears to underline further the difficulties encountered in attempting to inter- 
pret the results of this type of “ classical’ experiment. Presumably the com- 
pounds failed to reach the cellular site where they would have been converted 
into ethanolamine and, therefore, that our patient did not provide a suitable 
opportunity to study normal ethanolamine metabolism by the rather crude 
methods at out disposal. The prospect of success would have been much greater 
using isotopically labelled precursors, since isolation from urine of pure samples 
of ethanolamine for isotype analysis presents no great difficulty. 


In conclusion we wish to thank Sir Harold Himsworth for permission to 
publish this case, Professor M. L. Rosenheim for advice during the preparation of 
the manuscript, and Dr. D. H. Copeland for his very great kindness in lending us 
his original blocks of rat hepatoma tissue ; also the following for permission to 
investigate the cases referrred to in the appendices: Mr. A. J. Gardham, Dr. 
J. C. Hawksley, Dr. Gwen Hilton, Sir Harold Himsworth, Dr. J. D. Nabarro, 
Professor M. L. Rosenheim, Dr. Sheila Sherlock, Dr. J. F. Stokes, Dr. R. Terry 
and Mr. H. R. I. Wolfe. We also wish to thank Miss D. I. Fowler for carrying 
out the urinary ethanolamine estimations, Mr. J. Bligh for the choline assays and 
Mr. A. Bligh for the photomicrographs. 


SUMMARY. 


1. A case of primary carcinoma of the liver in a woman who died at the age 
of 45 is described. The liver weighed 13,120 g. and, apart from effects due to 
its size, it was associated with fairly good health, and with normal liver function 
as determined by laboratory tests and by clinical assessment. 

2. The urine of this patient was analysed for amino-acids on many occasions 
during the last 7 months of her life. It contantly showed on the paper chromato- 
grams a large spot of ninhydrin-reacting material that was identified as ethano- 
lamine. Otherwise the chromatograms showed no gross abnormality. This 
finding has not been encountered before either in normal or in pathological urines, 
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these having included urine from very many cases of liver disease. A smaller 
but still excessive output of ethanolamine in the presence of increased outputs 
of certain other amino-acids is, however, commonly found in liver disease. 

3. A chemical method of analysis suggested that the output of ethanolamine 
was of the order of 0-5 to 1-0 g. daily. This was confirmed by a rough quantitative 
chromatographic assay. The choline output, estimated by biological assay, was’ 
normal. 

4. Preliminary studies were carried out to determine the metabolic origin of 
the ethanolamine and the mechanism by which such large quantities came to be 
excreted in the urine. 

5. Our tentative explanation of the metabolic defect is as follows: The 
urinary excretion of ethanolamine resulted from a raised blood level. As this 
substance is probably not readily taken up even in normals from the extra- 
cellular fluids by the tissue cells or from the glomerular filtrate by the renal tubule 
cells, it was therefore readily excreted into the urine. The presumed source of 
the ethanolamine was the neoplastic liver cell, and the enormous mass of these 
cells (about a quarter of her body weight) in the patient was probably sufficient 
to account for a greatly excessive production of this compound. We further 
have to assume that the neoplastic cells were more permeable ” than normal, 
and that they allowed some of the ethanolamine formed in them to leak into the 
extracellular fluids and thence into the urine. 

6. Seven other cases of primary and 7 of extensive secondary carcinoma of 
the liver have also been investigated. They all had much smaller livers than the 
patient described here in detail. None of them showed a comparable excretion 
of ethanolamine occurring in the absence of other amino-acid abnormalities. 


APPENDIX A. 


Primary Carcinoma of the Liver : 


Case Reports. 


CasE 1.—J. R—, male, aged 44 years, a chronic alcoholic, died in hepatic coma 
within 24 hours of admission to hospital. Post-mortem examination revealed a cir- 
rhotic liver, weight 3600 g.; there was extensive neoplastic change involving prin- 
cipally the left lobe ; there were bile-forming secondaries in both lungs. Chromato- 
graphic analysis of the urine revealed a moderate generalised amino-aciduria, as is often 
found in severe hepatitis. 


CaszE 2.—G. K—, an Indian, aged 60 years. He had a cholecystectomy for gall 
stones in 1942. In 1950 he had an attack of renal colic and a ureteric calculus was 
demonstrated. In 1951 he was admitted to hospital with severe upper abdominal and 
left shoulder pain. Laparotomy revealed a moderate enlargement of the liver, with 
very numerous white opaque nodules scattered throughout the liver substance. A 
biopsy of one of these nodules showed a typical liver-cell carcinoma arising on a basis 
of cirrhosis. Chromatographic analysis of the urine showed a normal amino-acid 
concentration and pattern except for a slight excess of cystine and lysine. 


Casz 3.—E. C—, male, aged 34 years. An adult case of the Fanconi syndrome, 
the details of which have been published elsewhere (Stowers and Dent, 1947). Liver 
weight 1500 g. ; it showed well-marked carcinomatous change secondary to post necrotic 
scarring. Chromatographic analysis of the urine showed the heavy amino-aciduria 
typical of the Fanconi syndrone : no ethanolamine was detected. 
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Casz 4.—A. G—, male, aged 54 years. Details of this case have been published 
elsewhere (Flynn and Walshe, 1951). The liver was not enlarged or cirrhotic, there 
were two small nodules of liver-cell carcinoma in the left lobe. Chromatographic 
analysis of the urine revealed no abnormality in the concentration or pattern of amino- 


acids. 


Case 5.—B. C—, female, aged 14 years. She complained of abdominal swelling 
for 14 months. On examination, 8 months before admission to hospital, she was found 
to have an enlarged liver and spleen ; at this stage all liver function tests were negative 
and a urine amino-acid chromatogram showed only a slight excess of cystine. Four 
months later she complained of abdominal pain and laparotomy was performed ; this 
revealed a mass the size of a grape fruit in the right lobe of the liver which, on histological 
examination, proved to be an anaplastic carcinoma of the liver. There was no evidence 
of cirrhosis. She died a few weeks later. Post-mortem examination confirmed the 
diagnosis: the liver weighed 2930 g. Urine analysis a few days before death showed 
a slight but definite excessive output of cystine, 8-amino-isobutyric acid and ethano- 
lamine. 


Case 6.—G. H—, male, aged 71 years, was in good health until 2 weeks before 
admission to hospital when he had a severe attack of right upper abdominal pain lasting 
1} hours. During the ensuing fortnight he had several further attacks. Physical 
examination revealed no abnormality except a tender liver enlarged to below the 
umbilicus. Radiographic examination of the chest, kidneys and gastro-intestinal tract 
revealed no evidence of an extra-hepatic primary growth. Needle biopsy of the liver 
showed an undifferentiated carcinoma, possibly primary, in the liver. Chromato- 
graphic analysis of the urine for amino-acids showed a slight but definite excess of 


cystine and taurine. 


Case 7.—T. T—, male, aged 50 years. His complaint, on admission, was of right- 
sided chest pain. Examination showed him to have a hard enlarged liver and a palpable 
spleen. Liver function tests were normal except for a plasma alkaline phosphatase of 
36 King units and a serum bilirubin of 2-1 mg. per 100 ml. Needle biopsy of the liver 
revealed a malignant hepatoma. This diagnosis was confirmed at post-mortem a few 
weeks later. Chromatographic analysis of the urine for amino-acids showed only a 
slight excess of cystine and $-amino-isobutyric acid. 


APPENDIX B. 
Secondary Carcinoma of the Liver : Case Reports. 


Casz 1.—P. A—, male, aged 61 years, admitted to hospital with a 5 months’ history 
of pruritis and progressive jaundice. He refused laparotomy, and died 6 weeks 
later. At post-mortem examination he was found to have a primary carcinoma of the 
extra-hepatic bile duct ; there was extensive secondary involvement of the liver, which 
weighed 4720 g. Chromatographic analysis of the urine showed a completely normal 
pattern of amino-acids until the day on which the patient died, when there was a heavy, 
generalised amino-aciduria compatible with an episode of terminal hepatic failure. 


CasE 2.—R. C—, female, aged 75 years, was suffering from 1 month’s right-sided 
upper abdominal pain, anorexia and nausea, and jaundice for 1 week. Physical examina- 
tion revealed light jaundice, a right-sided pleural effusion, moderate irregular hepatic 
enlargement and a number of secondary carcinomatous nodules in the skin. She 
lapsed into coma, and died 4 days after admission to hospital. At post-mortem examina- 
tion she was found to have a primary carcinoma of the head of the pancreas with 
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extensive secondary involvement of the liver, which weighed 1760 g. Chromatographic 
analysis of the urine for amino-acids showed only a slightly raised concentration of 


cystine. 


Case 3.—L—, male, aged 60 years, formerly a heavy alcoholic, complained of 4 
months’ right subcostal pain and swelling of the abdomen. He was found, on examina- 
tion, to have an enormous enlargement of the liver extending from the fourth intercostal 
space to the pelvic brim. Needle biopsy of the liver showed a secondary carcinoma. 
Urinary amino-acid excretion was normal except for a definite excess of cystine. 


CasE 4.—, M—, male, aged 45 years. In 1945 he had an orchidectomy performed for 
the removal of a seminoma. In 1949 and 1950 he received three courses of deep x rays 
to his abdominal glands. In January, 1951, he became jaundiced and feverish. At 
that time his liver was enlarged four fingers’ breadth below the right costal margin. 
Urine for chromatographic analysis was taken during the course of deep x-ray therapy 
to the liver ; the amino-acid pattern and concentration were normal except for a slight 
excess of cystine. 


Case 5.—A. P—, aged 40 years. He complained of 1 month’s malaise and dys- 
phagia and 2 days’ jaundice. Examination revealed marked icterus, a liver enlarged 
almost to the umbilicus and a mass of carcinomatous glands in the left posterior triangle. 
His course was rapidly downhill, and at post-mortem examination he was found to have 
a bronchial carcinoma with secondaries in the mediastinum, liver and cervical glands. 
The liver weight was 2850 g. Chromatographic analysis of the urine for amino-acids 
showed a definite slight excess of cystine. 


Case 6.—J. H—, aged 53 years. Apart from a cholecystectomy in 1950 he was in 
good health until shortly before admission to hospital when he was seized with a severe 
low back pain, greatly aggravated by movement. On examination he was found to 
have extreme tenderness over the lumbar spine, reduced air entry at the left lung base 
and a liver enlarged below the umbilicus. A diagnosis was made of carcinoma of the 
bronchus with secondaries in the lumbar spine and liver. His course was marked by 
very rapid enlargement of the liver and progressive cachexia. Post-mortem examination 
was not permitted. Chromatographic analysis of the urine showed that the amino-acid 
concentration and pattern were normal. 


Case 7.—W. D—, male, aged 42 years, originally admitted for investigation of 
hepato-splenomegaly in 1950. Liver biopsy revealed a diagnosis of malignant lym- 
phoma. By January, 1951, he was needing frequent abdominal paracenteses and his 
condition deteriorated rapidly. At post-mortem examination his liver was found to 
be almost entirely replaced by lymphomatous tissue, it weighed 2120 g. Chromato- 
graphic analysis of the urine for amino-acids showed that there were slightly excessive 
concentrations of cystine and ethanolamine and a large excess of taurine. 
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THE increasing use of radioactive iodine in clinical medicine has made imperi- 
tive the experimental study of its possible carcinogenic action on the thyroid gland. 
Radioactive iodine, like stable iodine, is rapidly concentrated by the thyroid, 
bound to protein in its colloid in the synthesis of thyroxine, and then gradually 
released from the gland as part of the normally secreted hormone. During these 
processes the follicular cells of the thyroid are submitted to a course of ionizing 
irradiation from the I'*!, which gives out # and y rays. The energy absorbed is 
almost entirely derived from the # rays. The duration of this irradiation is of the 
order of days, since the half-life of I'*' is 8 days and the effective half-life of 
intrafollicular hormone is also of the order of days in the normal human gland. 
The carcinogenic activity of ionizing radiations in general has been repeatedly 
demonstrated during the past 50 years. Recently, the effects of # irradiation 
from newly developed sources have been studied. Raper, Henshaw and Snider 
(1951) reported that single doses of 4000 to 500€ rep (roentgens equivalent physical) 
of £ rays from a P* source induced skin tumours in rats. They also found that 
13,400 rep given in daily exposures of 50 rep over a period of 348 days proved 
carcinogenic. Gliicksmann (1951) found epitheliomas in 4 out of 24 mice in an 
area of skin exposed 14 months previously to 7900 rep given in 30 seconds by an 
electron beam. 

It has proved necessary in ihe treatment of Graves’ disease with radioactive 
iodine to administer an amount of I'*! calculated to give an overall irradiation 
to the thyroid gland of 8000 to 10,000 rep (Wayne, 1952) in order to produce a 
complete remission of the disease. This dosage lies within the range found to be 
carcinogenic to other animal tissues. But owing to the uneven distribution of 
radioactive iodine in the thyroid one cannot make a confident direct comparison, 
from the dosage point of view, between the animal experiments mentioned above 
and I'3! therapy of humans. 

The mechanism of the experimental production of tumours of the thyroid 
by goitrogens has been greatly clarified by the New Zealand team of workers 
(Purves, Griesbach and Kennedy, 1951). They have shown by a series of elegant 
experiments that, in the rat, a long continued stimulation of the gland by pro- 
longed excessive secretion of thyrotrophic hormone by the anterior hypophysis 
plays an essential role in the induction and progressive growth of these tumours. 
This was accomplished by the production of a chronic thyroxine deficiency with 
antithyroid drugs, since thyroxine deficiency however produced, leads to increased 
thyrotrophic hormone production (Griesbach and Purves, 1943). 
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In evaluating the possible danger of carcinogenesis by I'** one must consider 
not only the direct action of # rays on the cells, but also the indirect action of 
radiation damage, which leads to diminished thyroxine synthesis and a resultant 
increased thyrotrophic hormone production. A suitable dose of ['*! might 
therefore lead to a summation of two carcinogenic stimuli; a short exposure 
to # irradiation and a long exposure to stimulation by the pituitary. The latter 
could be ensured experimentally by giving a prolonged course of antithyroid 
drug subsequent to a dose of ['*4. Doniach (1950) found that 10 out of 16 rats, 
given 32 microcuries of I"! (15,000 rep to the thyroid), developed adenomas. 
In a series of 5 rats given additional methylthiouracil for 14 months, the thyroids 
showed a striking increase in adenomas and in one instance a metastasizing car- 
cinoma, in contrs=t to 16 rats tested for the same period with methylthiouracil 
alone, whose t':yroids showed only occasional adenomas. This summating effect 
of a carcinogen with an antithyroid drug was first demonstrated by Bielschowsky 
(1944, 1945), who used the carcinogen acetamidofluorene combined with allyl- 
thiourea. Goldberg and Chaikoff (1952) have recently reported the development 
of poorly differentiated non-colloid-forming thyroid cancers in 7 out of 25 rats 
injected 1} to 2 years previously with 400 microcuries of ['!. The thyroids must 
have been exposed to the very destructive dosage of at least 150,000 rep. The 
authors attributed the cancer development entirely to beta irradiation, and not 
to thyrotrophic hormone stimulation. 

The object of the experiments described below was to repeat previous investi- 
gations of the action of 30 microcuries of I**4 alone and combined with methyl- 
thiouracil in a larger series of rats, and to compare these results with the effects 
of 5 and of 100 microcuries. The findings are discussed in relation to various 


points enumerated in the introduction above, and an attempt is made to assess 
the dangers of carcinogenesis following the clinical usage of radioactive iodine. 


MATERIAL AND METHODS. 


For the main experiment 210 rats of both sexes were used and a further 20 
for subsidiary studies of dosage and thyroid histology. They were hooded rats 
of the Lister strain, fed on ‘‘ Research (Rat) Cubes ”’ with additional bread and 
greens. The 4-methyl-2-thiouracil was given as a saturated solution in the 
drinking tap water, made up once weekly by suspending 1 g. of compound in each 
litre of water. The radioactive iodine I'*! was injected intraperitoneally, carrier- 
free as iodide in 1 ml. of water. The animals averaged 10 weeks in age at the 
beginning of the experiment and were killed by coal gas 15 months later. The 
trachea and thyroid attached were fixed in Helly’s fluid ; the thyroid was then 
dissected off and weighed to the nearest milligram. The thyroids were embedded 
in wax, all glands which weighed 30 mg. or less were serially sectioned at 8p, 
mounted in ribbons of about 12 sections per slide, and every alternate slide was 
stained by haemalum and eosin. Glands weighing more than 30 mg. were sec- 
tioned at 6 levels, so arranged as to traverse the whole thickness of the thyroid 
at regular intervals. Three sections cut at each level at 5 were mounted and 
one of them stained by haemalum and eosin. The spare sections in general were 
used for extra stains. The pituitaries were fixed in Helly and stained by haema- 
lum and eosin and by the trichrome periodic-acid-Schiff method of Pearse (1949). 
Random sections were also taken in a number of rats of the lungs, adrenals, 
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cervical lymph-nodes and organs which showed any macroscopic lesion. In vivo 
measurements of radioactivity were carried out by the method described by 
Arnott and Fossey (1952). 

The rats were divided into 8 groups as follows: (1) Controls. (2) Methy]l- 
thiouracil in the drinking water for the duration of the experiment. (3) 5 wC 
P31, (4) 30 wC (5) 100 wC (6) 5 wC followed 24 hours later by 
methylthiouracil in the drinking water until the end of the experiment. (7) 
30 wC T3!, 24 hours later methylthiouracil till end of experiment. (8) 100 wC I, 
24 hours later methylthiouracil till end of experiment. To each 1*! injected group 
a subgroup was added in which the rats were given the I'*! divided into two doses, 
one half (2-5, 15 and 50 wC respectively) at the beginning of the experiment and 
the repeat injection 7 months later. Subgroups were also added to the methyl- 
thiouracil-treated rats. They were taken off the drug for 4 weeks from the 6th 
to 7th month and were given the I!*! in two doses, half at the beginning of the 
experiment and half 24 hours before commencing their second course of 
methylthiouracil. 


RESULTS. 


In July, 1951, eight months after this experiment was begun, the thermostat 
broke down one night and the heating was unfortunately left full on. The next 
morning 70 rats were discovered dead or dying of heat stroke. A further 40 
rats died or were killed during the course of the experiment, wasted from inter- 
current infection. This left 100 for final study. Fortunately the differences in 
the findings between the major groups proved striking even with the reduced 
number of rats. But no significance could be attached to differences between 
any one group and its subgroup. The findings are detailed in Tables I to VI 
and summarized in Table VIT. 


Controls. 


There were 9 survivors. Histology of their thyroids showed all follicles to be 
rich in deeply eosinophilic colloid, lined by a cuboidal epithelium (Fig. 1) about 
7 average height in the central follicles and 5 in the peripheral. The central 
follicles averaged 40u in diameter, the peripheral 1004; occasional ones measured 
up to 300”. The arteries, veins and parathyroids all appeared normal. The 
general picture of a less active periphery than centre (Fig. 2) is typical of the 
rat’s thyroid. 

In 7 of the 9 glands there were microadenomas present in varying numbers 
and stages of development (Fig. 2 and 3). In their simplest form each consisted 
of a solid follicle made up entirely of spheroidal cells with vesicular nuclei, and 
fairly voluminous moderately eosinophilic cytoplasm (Fig. 3). The nuclei were 
paler than those of neighbouring follicle cells and showed occasional mitoses. 
The affected follicles had lost their original lining, and had tended to flatten out 
the normally scalloped perifollicular reticulum. Apart from the altered appear- 
ance of the cells, these “ solid ”’ follicles were easily differentiated by serial section 
from the apparent solid follicles produced by tangential sections of normal ones. 
They occured both centrally and peripherally in the glands and varied in diameter 
from 50 to 200”. A further development seen was the appearance within the 
solid follicles of deeply eosinophilic colloid containing microfollicles 15 to 40u 


184 I. DONIACH 


across, lined by a very flattened epithelium made up of closely packed cells, 
barely 34 thick, containing small hyperchromatic nuclei and very scanty cyto- 
plasm (Fig. 3). There were also present a few very small spaces empty of colloid. 
These microfollicles were devoid of reticulum, except where an edge reached a 
perifollicular capillary. The microadenomas, both solid and microfollicular, 
were arranged singly and in small groups (Fig. 2) and occasionally in large groups, 
one of which included over 100 “solid ”’ follicles. Serial sections. showed that 
contiguous solid follicles were frequently joined together by cells so as to form 
irregular dumb-bell-shaped microadenomas. Reticulin stains, however, showed 
that most of the circumference of each microadenoma within a group was bounded 
by condensed reticulum. From this material one can only speculate on the fate 
of these microadenomas. It is possible that some of them may give rise to groups 
of adult follicles in the form of a new lobule of thyroid tissue. It is unlikely 
that larger collections would do this, since the result would be a grossly deformed 
thyroid architecture which was not observed among the controls. It seems more 
likely that further differentiation would lead to the formation of simple mixed 
macro ”’-adenomas. 

The possibility was considered that development of microadenomas is part of 
the normal process of growth and replacement of thyroid tissue. To this end, 
serial sections were examined of the growing thryoids of 5 rats aged 23 days 
and 5 rats aged 100 days. In none of them were any microadenomas seen. Nor 
were there any structures seen resembling these microadenomas in sections of the 
developing thyroids of 15-day and 19-day rat embryos. 

The incidence of microadenomas in the 9 controls of the main experiment is 
given in Table I. There were no macroadenomas found similar to those seen in 
treated rats. There was a great variation in rats’ and thyroids’ weights. The 
thyroids averaged about 20 mg. 


TABLE I.—Controls. 


ES 


Rats with the same number in the first column are from the same cage, 
+ Represents the finding of scattered microadenomas; ++ 1 or more large collections of 
microadenomas. 


Sections of the pituitaries showed occasional castration cells in the males, 
two adenomas in the males and one in the females ; predominantly chromophobe 
with occasinal beta cells. Similar spontaneous pituitary adenomas have been 
previously described by Wolfe, Bryan and Wright (1938) in untreated elderly 
rats and by Griesbach, Kennedy and Purves (1945) in rats fed for 27 months on 
a rape seed diet. 
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2 Body Thyroid 
Rat. Sex. weight weight 
(g-)- (mg.). 
liF 355 21 + 
18c 4 220 17 ++ 
ome 18D 190 16 
18F ‘ 190 22 + 
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Methylthiouracil. 


There were 20 survivors, 16 of which had a 4 weeks’ break from the drug 
during the course of the experiment. Their thyroid glands were grossly enlarged 
and hyperaemic. Sections showed follicles of fairly uniform size, 30 to 40 in 
diameter, throughout each gland, mostly devoid of colloid. Scattered follicles, 
however, contained a pale, poorly eosinophilic vacuolated secretion (Fig. 4). The 
lining cells were about 15y tall with a voluminous eosinophilic cytoplasm and 
oval vesicular nuclei. Mitoses were not seen. Capillaries were prominent, and 
did not indent the follicular cells as in the controls. In reticulin preparations 
the capillaries appeared pushed back by the hypertrophic follicular cells. Many 
glands showed foci of fibrous thickening of their capsules and of gross muscular 
thickening of their arteries with reduction of their lumens. The parathyroids 
were embedded at various depths within the glands and appeared normal. The 
tendency for peripheral follicles to appear less active than central ones was largely 
lost (Fig. 5). Adenomas were seen in 19 out of the 20 rats; 1 to 3 per gland in 
9 of the 19, more numerous in the rest (Table II). The adenomas stood out as 
nodules of thyroid tissue whose morphology differed clearly and often strikingly 
from that of the background thyroid gland (Fig. 5). They were rounded and 
sharply demarcated. Small areas were present in the thyroids in which the 
lining epithelium of a few contiguous follicles appeared to be undergoing a meta- 


TaBLeE II.—Methylthiouracil. 


Body Thyroid 

Rat. Sex. weight weight Adenomas. o—— 
(g-)- (mg.). (mm.). 

128 M. 190 148 + 0-3 
12¢ M. 220 153 0-6 
12p M. 205 116 a 0-65 
M. 220 285 0-65 
138 F. 170 115 0-4 
13c F. 172 126 ++ 3-0 
13D F. 142 87 0-25 
F. 200 112 1-3 
158 F. 137 203 ++ 0-75 
15c F. 175 133 + 0-35 
15D F. 117 160 > 0-35 
15E F. 174 185 3-5 
F. 160 257 1-5 
4le F. 178 226 +++ 1-5 
F. 160 180 ++ 0-5 
40a F. 155 218 ++ 1-0 
408 F. 150 243 ++ 2-0 
438 M. 210 168 to 0-5 
43c M. 250 158 - 
43D M. 175 270 bot 3-0 


+ Represents up to 3 adenomas per gland in the sections examined; +-+ 4 to 9 adenomas ; 
+ ++10 or more adenomas. 

The rats in Cages 12, 13 and 43 had a 4 weeks’ break from the drug in the middle 
of the experiment those in Cages 40 and 41 had a 4 weeks’ break 3 months before the end 
of the experiment. 


‘ 
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plasia to the same type of epithelium seen in the adenomas. These areas were 
regarded as pre-adenomatous and were not included in the tables. The mor- 
phology of the adenomas was varied. Most of them were made up of cells with 
hyperchromatic nuclei. The arrangement of the cells included solid sheets, 
packed solid trabeculae, closely packed tubules containing pale fluid, micro- and 
macro- follicles filled with watery or deeply eosinophilic colloid, and gross cystic 
follicles distended with colloid and lined by a papillary epithelium. Engorged 
sinusoids were prominent in many of the adenomas. Many presented a mixed 
picture. Their sizes varied from a few hundred « up to 3 mm. in diameter. The 
largest ones owed their bulk to the presence of cystic follicles. Microadenomas 
as seen in the controls were not present ; but the appearance of the smaller solid 
adenomas suggested a possible origin from microadenomas. Mitoses were rare. 

There was considerable variation in body weights, which averaged less than 
the controls. The thyroids were grossly enlarged ; the maximum weight recorded 
was 285mg. The majority of the adenomas measured less than 1 mm. in diameter; 
the largest encountered was 3-5 mm. in diameter. 

The pituitaries showed striking changes. There was a gross depletion of alpha 
cells. The beta cells were enlarged (Fig. 6) in comparison with controls (Fig. 7), 
poorly granulated, and many of them distended with hyaline material (Fig. 6) ; 
effects typical of thyroidectomy (Severinghaus, Smelser and Clark, 1934) or 
prolonged goitrogen treatment (Griesbach, 1941). In addition many beta cells 
contained numerous coarse periodic-acid-Schiff positive granules or droplets. 
These granules and droplets were observed by Catchpole (1949) and by Purves 
and Griesbach (1951) in thyroidectomized rats, and by Pearse (1952) in rats 
treated with thiouracil. Pearse (1949) has named the cells containing them 
vesiculates. 

Radioactive Iodine. 
5 

There were 6 survivors. Their thyroid glands all showed histological evi- 
dence of a greater activity than the controls. The follicles were smaller, lined by 
a taller epithelium of about 10” and contained a much less eosinophilic colloid. 
Scattered peripheral follicles appeared less active. The nuclei of the follicle cells 
were vesicular, larger and less haematoxyphil than those of the controls. The 
parathyroids and vessels appeared normal. Some of the peripheral follicles 
showed a peculiar cystic dilatation associated with a possible pre-adenomatous 
metaplasia of their linnig cells. Clear cut adenomas were seen in 3 of the glands 
(Table III). These were similar in morphology to those in the methylthiouracil 
treated animals. Most of them showed occasional mitoses. In Rat 32a one 
lobe was entirely replaced by a mixed adenoma containing a large fibrous core 
rich in siderophages and cholesterol crystal clefts (Fig. 8). The growing edge of 
the tumour had compressed but not invaded the thyroid capsule. Mitoses were 
not rare in this tumour. The body weights were similar to the controls, and the 
3 non-adenomatous thyroids were about half the weight of the controls. 

The pituitaries appeared normal ; no adenomas were encountered. 


30 uC: 
There were 14 survivors, Their thyroids showed a more varied picture : 
in most of them the central follicles and many peripheral ones appeared more 
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active than those of the controls (Fig. 9). But in contrast to the glands of the 
rats which received 5 uC, scattered follicles in most of the glands contained deeply 
eosinophilic colloid. In the more active glands there were bizarre shaped follicles 
present, with an irregular small lumen and a syncytial arrangement of hyper- 
trophied follicular epithelium. The follicular cell nuclei in some of these active 
glands showed an abnormal variation in size; many were large and a number 
contained prominent nucleoli. The vessels and parathyroids appeared normal. 
Adenomas were present in 7 of the thyroids (Table III), all small and of a varied 
morphology, often rich in eosinophilic colloid (Fig. 9). Mitoses were not seen. 
The body weights were similar to the controls, the thyroid weights were reduced 
to about half normal. The thyroid adenomas were all small in size. 

The pituitaries did not differ strikingly from the controls, except that occasional 
glands showed scattered beta cells which contained course mucoid granules and 


TaBLE ITI.—Radioactive Iodine. 
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100 (50 x 2) . 
> 100 (50 x 2) . 


+, ++, +++ as in Table IT. 
+-+-+-+ represents adenomatous replacement of one or both lobes. 
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F. 
M. 
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F. 
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F. 
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M. 
M. 
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M. 
M. 
M. 
M. 
M. 
M. 
M. 
M. 
M. 
F. 
F. 


droplets similar to those noted in the methylthiouracil treated rats. No pituitary 
adenomas were encountered. 


100 : 
There were seven survivors. All of their thyroids without exception were 
made up of small follicles about 35” across. There were practically no follicles 


13 Body Thyroid Mean 
Rat. Sex. weight Adenomas. diameter 
(g.). (mg.). (mm.). 
| 30c_ 5 320 26 + 0-35 
3la. 5 (2-5 345 30 ++ 1-0 
32a 5 (2-5 280 100 . 4-5 
le - 30 (15 270 ‘ 13 
le - 30 (15 185 8 
2B ‘ 30 (15 215 ‘ ll 
2p - 30 (15 265 9 0-3 
3p ‘ ‘ 30 265 12 ‘ 
3E ‘ 30 245 22 0-3 
4B “ ‘ 30 $25 12 0-3 
1% . 255 6 
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larger than 50 in diameter. A few were lined by an extremely flattened epi- 
thelium and filled with deeply eosinophilic colloid. The majority presented a 
small lumen containing watery colloid and were lined by a tall epithelium. Biz- 
arre shaped syncytial “ follicles ’’ were present in all the glands (Fig. 10). The 
peripheral follicles in general appeared as active as the central ones (Fig. 11). 
There was a well-marked variation in nuclear size ; some were unduly large and 
abnormal in shape (Fig. 10). The parathyroids appeared normal. Many arteri- 
oles were thick walled and hyalinised. No adenomas were seen. The body 
weights (Table III) were normal, the thyroid weights were reduced to about 
half normal. 

The pituitaries were abnormal. They contained alpha cells in fair number 
but the beta cells were swollen, partially hyalinized and depleted of normal granu- 
lations. They were rich, however, in coarse mucoid granules and droplets (Fig. 
12). Two small beta cell adenomas were encountered in each of the glands of 


two male rats. 


EXPLANATION OF PLATES. 

Fic. 1.—Thyroid of male control rat 18F showing central follicles rich in colloid and lined by 
a cuboidal epithelium. x 480. 

Fie, 2.—Thyroid of male control rat 18¥ showing larger peripheral than central follicles and a 
central cluster of microadenomas. x 36. 

Fic. 3.—Thyroid of male control rat 18F showing microfollicles within the microadenomas. 
x 360. 

Fic. 4.—Thyroid of female methylthiouracil rat 13£ showing small colloid poor follicles and 
hypertrophied cells. x 360. 

Fie. 5.—Thyroid of female methylthiouracil rat 13 showing active peripheral as well as central 
follicles and 2 adenomas. x 29. 
Fic. 6.—Pituitary of female methlythiouracil rat 40a showing enlarged pars anterior cells, 
coarse (vesiculate) granulations and hyalinized cells. Periodic acid Schiff. x 480. 
Fie. 7.—Pituitary of male control rat 18 showing normal size of pars anterior cells and absence 
of vesiculates and of hyalinization. Periodic acid Schiff. x 480. 

Fig. 8.—Thyroid of female 5 »C I'* rat 32a showing edge of large adenoma. x 52. 

Fic. 9.—Thyroid of male 30 uC I'*! rat 4p showing moderately hypertrophied follicles and 
numerous adenomas. x 36. 

Fic. 10.—Thyroid of male 100 uC I'*! rat 198 showing irregularly shaped small follicles poor 
in colloid, hypertrophied cells and bizarre nuclei. x 480. 

Fie. 11.—Thyroid of male 100 »C I'*! rat 198 showing small active peripheral as well as central 
follicles. The gland is shrunken and contains an embedded parathyroid. x 36. 

Fic. 12.—Pituitary of male 100 »C ['*' rat 19c showing coarse vesiculates and hyalinized 
cells. x 480. 

Fie. 13.—Thyroid of male 5 uC I! methylthiouracil rat 37p showing hyperplasia and 
numerous adenomas. x 32. 

Fig. 14.—Thyroid of female 30 »C I'*! methylthiouracil rat 5D showing malignant invasion 
and thrombosis of a pericapsular vein. x 144. 

Fic. 15.—Thyroid of female 30 »C I'*! methylthiouracil rat 9p showing permeation of pericap- 
sular veins by carcinoma. x 45. 

Fic. 16.—Thyroid of female 30 »C I'*! methylthiouracil rat 6£ showing carcinomatous break- 
through into the lumen of a large pericapsular vien. x 72. 

Fic. 17.—Lung of male 30 «C I'*! methylthiouracil rat 10c showing permeation of a pulmonary 
artery by thyroid carcinoma and a large parenchymatous malignant deposit. x 50. 

Fic. 18.—Thyroid of female 30 «C I'** methylthiouracil rat 6p showing invasion of gland edge 

and capsule by scirrhous adenocarcinoma. x 90 
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EFFECT OF RADIOACTIVE IDOINE ON RATS THYROID 


5 wC and Methylthiouracil. 

There were 17 survivors. Their thyroids differed from those of the rats 
treated with methylthiouracil alone in the development of extremely numerous 
adenomas (Fig. 13), many of which were very large (Table IV). In addition, 


TaBLE IV.—5 wC + Methylthiouracil. 


M. 
M. 185 302 +4+4+4 4-0 
M. 195 97 +++ 3-0 
M. 175 93 +++ 2-5 
M. 208 262 ++++ 6-0 
F. 183 190 ++7¢ 4-0 
F. 153 215 rt t+ 5-0 
F. 150 46 +++ 1-25 
M. 136 84 +++ 2-0 
M. 188 221 +++4+ 4-0 
M. 216 281 +++ 4-0 
M. 202 129 +++ 1-0 
M. 215 141 +++ 2-5 
M. 178 119 +++ 0-5 
M. 235 142 +++ 2-5 
M. 148 227 +++ 5-0 
37E M. 185 227 ++4+4+ 4-0 


The rats in Cages 35, 36 and 37 were given the iodine in 2 injections of 2-5 uC, the second injection 
at 7 months after a rest of 4 weeks from the methylthiouracil. The methylthiouracil was 
reinstituted 24 hours after the second injection of I'*". 
+, ++, +++, +++-4 asin Tables II and III. 


only a few glands showed capsular fibrosis and the arterioles appeared normal. 
The follicles of the non-adenomatous areas presented a mixed picture. They were 
small, poor in colloid and lined by hypertrophic cells, some very similar to those 
seen in rats treated by methylthiouracil alone though not so hypertrophied. The 
majority, however, presented a closer affinity to those seen in the rats treated with 
5 pC [31 alone except that the cells were a little taller. Their nuclei varied in 
size and chromatism. The adenomas presented an exaggerated and bewildering 
variety of cell types and differentiation fundamentally similar to those produced 
by methylthiouracil alone. Some of the very large adenomas appeared to be 
derived from the confluence of more than one tumour. Colloid secretion was 
well marked in many tumours and a papillary arrangement was not rare. How- 
ever, the major part of the bulk of even the large tumours was cellular rather than 
secretory in origin. Mitoses were not rare. Solid areas of undifferentiated spher- 
oidal cells were seen within some tumours as with methylthiouracil alone. In 
Rat 35B tongues of adenoma tissue were seen penetrating the capsule at one 
point. However, in the absence of evidence of permeation of extra-capsular 
veins or obvious morphology of cancer, malignancy was not diagnosed. The 
hody weights were similar to those of rats treated with methylthiouracil alone. 
But there was an even greater variation in the thyroid weights. The adenomas 
were significantly larger as well as more numerous. In 7 of the rats the largest 
adenoma exceeded the previous maximum diameter of 3-5 mm. 

The pituitaries showed the same changes observed in the rats treated with 
methylthiouracil alone. No adenomas were encountered. 
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30 and Methylthiouracil. 

There were 20 survivors. Their thyroids showed a moderate capsular fibrosis 
and thickening of arteriolar walls, but much less marked than in the rats treated 
with methylthiouracil alone. Most of the follicles were small, bizarre shaped and 
lined by plump irregularly shaped cells showing irregularly arranged nuclei of 
varying sizes, shapes and chromatism. Their lumens, which were often slit 
shaped, contained a little colloid. The perifollicular capillaries were prominent, 
distended and indented the follicular cells. The majority of the follicles appeared 
active but could be differentiated from those seen in rats treated with methyl- 
thiouracil alone, as they were smaller, less regular and showed a tendency to a 
syncytial arrangement of their lining cells. Adenomas were present (Table V), 


TaBLE V.—30 + Methylthiouracil. 


Bod Thyroid Diameter 
Rat. Sex. weight weight Adenomas, of largest 
(g.). (mg.). adenoma (mm). 
5c F. 153 97 1-0 
5p F. 197 320 ++++Ca. 8-0 
6B F. 180 98 +++ .« 2-5 
6c F. 113 80 ++++ . 4-5 
6D F. 144 88 +++Ca . 3-5 
6E F. 170 91 ++++ Ca. 4-0 
To M. 265 103 +++ . 0-5 
M. 245 221 ++++ . 6-5 
M. 240 147 ++++ . 4-0 
8B M. 220 136 +++ « 1-25 
8c M. 225 110 +++ . 1-5 
8p M. 210 82 +++ . 0-5 
8E M. 195 131 +++ . 1-5 
9D F. 161 350 ++++ Ca. 5-5 
9E F. 151 92 +++ ~~. 2-0 
10c M. 200 540 ++++ Ca. 8-0 
10D M. 210 250 ++4++ . 6-5 
10F M. 170 147 +++ . 3-0 
llp M. 230 153 ++++ . 2-0 
llz M. 195 175 ++++ . 2-0 
ts malignancy 


+,++, +++, +++4 asin Tables II, III andIV. Ca represen 
The rats in Cages 5, 6 and 7 were given 2 injections of 15 wC I'*. The second injection was 
given 7 months after a 4 weeks’ rest from the methythilouracil which was reinstituted 24 hours 
later. 


similar in number, varied morphology and size to those found in the rats treated 
with 5uC I**! plus methylthiouracil. In addition, there was evidence of thyroid 
malignancy in 5 animals. Rats 5p (Fig. 14), 9p (Fig. 15) and 6= (Fig. 16) showed 
permeation of large extracapsular thyroidal veins by tumour masses of spheroi- 
dal-celled growth showing some attempt at tubule formation. The lungs of 
Rat 10c (Fig. 17) contained numerous deposits of growth identical in morphology 
to the massive tumour in its thyroid. Rat 6p (Fig. 18) showed transformation 
of the pole of one lobe into a scirrhous poorly differentiated adenocarcinoma. 
It was not possible to tell from the morphology alone of any thyroid tumour 
whether it would prove invasive or not. It is interesting to note that all 3 of the 
thyroids which weighed more than 300 mg. showed evidence of malignancy. 
With one exception, the massive glands owed their bulk to the growth of one very 
large adenoma rather than to the presence of multiple tumours. The exception, 5D 
showed replacement and gross enlargement of one lobe by two large adenomas. 
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The cancers were more common in the females, 4 in 8 rats, than in the males, 
1 in 12. But the numbers involved are too small for serious consideration of 
their significance. The body weights were similar to those of rats treated with 
methylthiouracil alone. The thyroid weights showed an even greater variation 
than that observed in the other groups. 

The pituitaries were similar to those of the rats treated with methylthiouracil 
alone. They were free of adenomas. 


100 uC and Methylthiouracil. 

There were 7 survivors. Their thyroids were made up entirely of small irregu- 
larly shaped follicles, some of which contained a little colloid. The lining cells 
were moderatley hypertrophic, and showed similar nuclear changes to those seen 
in the glands of rats treated with 100 ~C I!‘ alone. The perifollicular caplliaries 
were engorged and tended to indent the follicluar cells so as to contribute to 
alteration of their shapes. Arteriolar hyalinization was seen in 2 glands. The 
parathyroids all appeared normal. Adenomas mostly rather small, were seen 
in 4 of the glands (Table VI). They were of the same mixed nature seen in the 


VI.—100 + Methylthiouracil. 


Sex. 


+, +++ as in Tables II, III, IV and V. 
The rats in Cage 27 recieved 2 injections of 50 »C I'*!, the second 7 months after a 4 weeks’ rest 
from methylthiouracil. The drug was reinstituted 24 hours after the second injection of I!, 


other groups and showed occasional mitoses. The rats’ weights were similar 
to those treated by methylthiouracil alone, but the thyroid weights were very 
considerably reduced to an average size comparable with that of the rats treated 
with 100 uC alone. 

The pituitaries were similar to those of the rats treated with methylthiouracil 
alone. They showed no adenomas. 


Measurement of Thyroid Uptake of Radioactive Iodine. 

Eight male rats aged 14 weeks were each injected intraperitoneally with 9-2 wC 
of I'*! carrier free in 1 ml. of water. In addition, 1 ml. was injected with the 
same syringe into a glass vial containing a small pledgelet of cotton-wool. Fifteen 
hours later in vivo measurements were made of the radioactivity of the rats’ 
thyroids and of the 1 ml. standard solution which was placed against the counter 
in the position normally taken by the rats’ necks. The average count rate obtain- 
ed of the rats’ thyroids was 2119 + S.D. of 456. The count rate of the standard 
was 10,700, giving an average thyroid uptake at the end of 15 hours of 21 per 
cent. Nine hours later 4 of the rats were put on to a 0-1 per cent suspension 


= 
Bod: Thyroid Diameter 
Rat. =z weight weight Adenomas. of largest 
(g.). (mg.). adenoma (mm). 
24a ° 104 6 
248 147 9 + 0-2 
24c ° 163 17 + 0-3 
24D 113 5 + 0-3 
27D 210 33 +++ . 1-0 
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of methylthiouracil in their drinking tap water. Daily in vivo measurements 
were then made of all the rats’ thyroids for the ensuing 4 days. The results are 


summarised in Fig. 19. The upper curve is the calculated loss of radioactivity 
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= 2000+ 
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Fic. 19.—Chart showing the average in vivo count-rates of radioactivity of the thyroid glands 
of 8 rats following an intraperitoneal injection of 9°2 »«C I". After 24 hours 4 of the rats 
(lowermost curve) were put on to methylthiouracil in their drinking water. The findings 
in the remaining 4 are charted in the middle curve ; the calculated loss of radio-activity due 
solely to the radioactive decay of I'* is charted in the uppermost curve. Count-rate of 

standard at 15 hours was 10,700. 


due to the normal radioactive decay of I'*. The middle curve shows that after 
about 30 hours there is an increasing loss of radioactivity from the thyroid, due 
to release of organically bound iodine. The lower curve confirms the well estab- 
lished increased rate of loss of bound iodine from the thyroids of animals treated 


with antithyroid drugs. 


DISCUSSION. 
Effects of internal irradiation by I" on thyroid function. 


Among the known functions of the thyroid cell are ability to concentrate 
iodine, to synthesize thyroxine, to hold the hormone in storage, to release the 
hormone from the follicle, to respond to pituitary stimulation by hypertrophy 
and by hyperplasia. The differential effects on these functions of varying doses 
of I'81 have been recently reported in 3 publications. 

Skanse (1948) studied the effects of 1, 10 and 50 wC I'*! on young cockerels 
primed with a short course of thyrotrophic hormone. He found that the I*' 
was equally well concentrated by the thyroids at all doses, 12-5 to 13-5 per cent 
at 24 hours ; but that the chicks injected with 50 wC I'*! showed a lower percen- 
tage concentration of I*! in the thyroid than in the other groups after 96 hours, 
which he considered due to a more rapid release of hormone as a result of irradia- 
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tion damage. A definite inhibition of normal thyroid growth was produced by 

10 wC and 50 wC ['*! after 16 days but not of body growth. All the thyroids 
showed a growth response to thiouracil, less marked in the chicks given the 
higher dosages of I'*'. But this response to thiouracil was much more in- 
hibited after 38 days than after 26 days. Skanse (1948) remarks that though 
the major part of the radiation was received in the first few days, it took a much 
longer time to produce the full biological effect on gland function. The calculated 
dosages of total radiation to the thyroid glands were 1700 rep in the | wC group, 
13,000 rep in the 10 wC group and 60,000 rep in the 50 wC group. 

Feller, Chaikoff, Taurog and Jones (1949) studied the effects on adult male 
rats of single intraperitoneal doses of 24, 300 and 875 wC of I". The average 
uptake of I'*' into the thyroids was 40 per cent between 23 and 48 hours after 
injection and was about equal in all the animals. Those treated with the two 
higher doses showed an abnormally rapid depletion of the iodine that had been 
trapped during the first 24 to 48 hours. Chemical analyses showed an increasing 
depletion of thyroid I'?’ from 2 to 3 days onwards after the injection of the 300 
and 875 uC I}*!, whereas there was no loss after 6 days in animals given 24 wC. 
The values of plasma protein bound iodine were not changed in the 24 wC group 
but they fell steadily in the rats injected with 300 wC from 3-6 yg. initially to 
2-4 wg. per 100 ml. at 8 days. After an initial fall the plasma protein bound 
iodine showed a subsequent small temporary rise in the rats injected with 875 wC. 
This was associated with a fall in thyroid organically bound iodine presumed 
due to dissolution of thyroid protein induced by the irradiation. Thence followed 
a continuous severe fall to 1-5 ~g. per 100 mi. plasma. The effect of the irradia- 
tion on the iodine concentrating capacity of the glands was tested at 3 and 10 
days by a subsequent injection of I". No subsequent inhibition was found after 
an initial dose of 30 ~C. But 300 wC deprived the thyriods of most of their 
capacity to concentrate iodine when tested after 3 and 10 days. Feller et al. 
(1949) calculated that the total irradiation doses to the thyroids were 19,000 rep 
at the centre and 8000 rep at the surface of the glands in the 24 wC group at 6 
days ; 180,000 at the centre and 73,000 at the surface at 8 days in the 300 wC 
group ; 290,000 at the centre and 120,000 at the surface of the thyroids at 8 days 
in the 875 wC group. 

Maloof, Dobyns and Vickery (1952) carried out extensive investigations on 
500 young rats fed a low iodine diet for 14 days preceding the injections of 1, 5, 
20, 50, 100 and 300 wC ['*!, and which were subsequently maintained on a high 
iodine diet. As a result of the low iodine diet, thyroid uptake of I'*! was high, 
47 to 62 per cent, and proved to be relatively uniform in all the groups. The rate 
of loss of I'*! from the glands increased significantly however, with the amount 
of radioactivity administered and was extremely rapid in the 300 ~C group. Rats 
tested 48 days after the initial injection of I'*! showed a similar thyroid uptake 
of a tracer dose of I?*! in all groups while on a high iodine diet. They responded 
less well to a subsequent 11-day course of a low iodine diet. The thyriod uptake 
in the 1 wC reached 53 per cent 48 hours after receiving a tracer dose of I"*', but 
was significantly less in all the other groups. Response to subsequent thiouracil 
was similarly impaired when tested. The thyroids of animals which had received 
50 and 100 wC ['*! demonstrated no capacity to increase in weight on a 30-day 
course of thiouracil instituted 64 days after the initial dose of radioactive iodine. 
ven 5 nC initial I'*' impaired the capacity of the thyroid to increase in size ; the 
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glands enlarged from about 5-5 mg/100 g. body weight to 10-3 mg. as compared 
with 14-99 mg. in the animals given an initial dose of 1 wC I’. Measurements 
of body weight showed no disturbance in animals which had received up to 20 wC, 
a slight impairment in the 50 and 100 wC groups and a marked disturbance in 
the 300 wC group. The calculated maximum total irradiation doses delivered to 
the thyroid in rep were respectively 1800 in the 1 wC, 5800 in the 5 wC, 30,000 in 
the 20 wC, 80,000 in the 50 wC, 197,000 in the 100 wC and 288,000 in the 300 wC 


groups. 


Effects of internal irradiation by I'* on thyroid histology. 

Findlay and Leblond (1948) studied the thyroid histology of two rats killed 
6 days after a single injection of I'*" calculated to have given a total thyroid 
irradiation of about 20,000 rep. The rats had previously been main*ained on a 
low iodine diet. Most of the follicles, especially the central ones had lost their 
colloid, and were replaced by irregularly arranged solid groups of epithelial cells, 
some of which showed nuclear and cytoplasmic degeneration. Interstitial oedema 
was pronounced, fibrosis and lymphocytic infiltration slight. Many follicles in 
the periphery and isthmus were normal Autoradiographs showed evidence of 
accumulation of iodine only in the surviving colloid containing follicles of the 
periphery. Goldberg, Chaikoff, Lindsay and Feller (1950) studied the progressive 
changes in the thyroids of adult rats given varied doses of I'*! and killed after 
intervals of 1 day, 2 days, 3 days, 1 week, 2 weeks, 3 weeks, | month, 6 months 
and 8 months. 875 ~C (330,000 rep to gland centre at 72 hours) produced a total! 
destruction of the thyroids evident within 48 hours, associated with an intense 
fibrinous oedema and acute inflammatory changes, followed by fibroblastic 
proliferation and arterial thrombosis. By 3 weeks there was a total collagenous 
permeation of the original gland structure, which by 6 months was replaced by 
a band of hyalinised collagen. 525 wC produced essentially similar changes. 
There were, however, at 5 months a few surviving thyroid follicles at the poles, 
lined by bizarre granular cells thought to resemble the so-called Hiirthle cells of 
the human gland. At 8 months surviving thyroid cells appeared more numerous 
and formed occasional colloid containing peripheral follicles. 300 ~C (110,000 rep at 
72 hours) produced extensive swelling and desquamation of thyroid cells within 24 
hours, followed during the next 2 days by further degeneration and by interstitial 
inflammation which appeared resolved by 8 days. At 4 months the glands were 
lobular and made up of mixed disturbed and normal follicles. At 8 months 
the glands appeared essentially normal, though the follicle cell nuclei were hyper- 
chromatic and interstitial tissue was increased. No evidence of damage was 
seen in rats given 18 wC (12,500 rep at 9 days). Gorbman (1950) summarized 
his own previous studies on radiotoxic doses of I'*! to mice. He found a minimum 
thyroid-lethal dose to be 4 ~C per mg. thyroid and that it required 2 to 3 weeks 
to destroy all thyroid tissue. Larger doses were effective more quickly; 20 
y#C/mg. produced total thyroid cell necrosis in 2 days. Following the administra- 
tion of minimal thyroid-lethal doses, parenchymatous degenerative changes 
first appeared within a few days in the gland and were followed by an inflammatory 
picture. Surviving follicles disappeared within a few weeks. Intrathyroidal 
doses of 2 ~C/mg. thyroid permitted survival of a few thyroid follicles made up 
of swollen bizarre cells which persisted over the ensuing 1} years. Autoradio- 
2raphs showed a minimal uptake of I**! localised to colloid. 


of 


‘ 
194 
4. 
is 
| 
a 
t 
0 
a 
a 


EFFECT OF RADIOACTIVE IODINE ON RATS THYROID 195 


Maloof et al. (1952) described the histology of the thyroids at varying time 
intervals after administration to rats of I'*! as a part of the study of functional 
changes quoted above. After 2 days parenchymal degeneration and interstitial 
inflammation were seen centrally in the 300 ~C group; no significant changes 
were seen in the other groups After 48 days the 300 ~C group showed a virtual 
replacement by fibrous scar tissue. The other groups, including the rats given 
1 nC, all showed hypertrophy of follicle cells and diminution of colloid. With the 
higher dosages occasional enlarged and bizarre follicle cell nuclei were observed. 
After 94 days and following a course of thiouracil many more large bizarre 
nuclei were seen and were then present in the 5 ywC group. After 1 year 
the 1 ~C group showed a normal histology. Impressive cellular hypertrophy 
persisted in the 5, 20, 50 and 100 wC groups. Follicles varied in size, colloid 
was sparse, larger cells showed an eosinophilic granular cytoplasm, atypical 
nuclei increased in frequency, proportional to the initial dose of radioactive 
iodine. Autoradiographs showed some uptake of [** in all rats, including the 
100 wC group. After 1} years no further changes were seen except that one 
adenoma was found in one rat in the 5 wC group. Since the irradiated thyroids 
had a reduced functional capacity, the authors regarded the cellular hypertrophy 
to have arisen, in part, from the stimulus caused by a deficiency in thyroxine 
production. Since evidence of hyperplasia was lacking, Maloof et al. (1952) 
suggest that the mechanism of cellular division had been impaired by the irradiation. 
Stimulation by thiouracil administration accentuated the cellular changes pro- 
duced by the radioiodine. The persistence of cellular hypertrophy was, therefore, 
thought to be due to a radiation-induced failure of any significant compensatory 
regeneration. 


Summary of literature on functional and histological changes induced by I'*!. 


The concentration of iodine by the thyroid during the first 24 hours does not 
vary with the dose of carrier-free I'!. It is dependent on the iodine content 
of the rat’s previous diet which conditions the thyroid’s avidity for iodine. A 
dose of I'*!, harmless to animals fed a high iodine diet, may prove destructive 
to the thyroids of rats previously fed a low iodine diet. The retention of radio- 
active iodine trapped in the thyroid is markedly affected by dosage. From 
30,000 rep upwards there is an increase in rate of loss of organically bound iodine 
from the thyroid, associated with radiation damage to the follicles. In general, 
functional disturbances precede histological changes. From 5000 rep upwards 
the thyroid cells are able to respond to activating stimuli by hypertrophy, but hyper- 
plasia proves abnormally limited. Bizarre thyroid cells are seen histologically 
up to 1} years and are accentuated by thiouracil treatment, increasing in number 
in thyroids submitted to 5800 rep upwards. The follicles of the periphery and 
isthmus are subjected to less radiation damage than the central ones. Even 
though irradiated thyroid cells are histologically abnormal, they appear by means 
of hypertrophy to synthesize enough thyroxine to maintain the animals’ health 
and growth after dosages up to 30,000 rep. 


Calculation of dosage of radiation to the thyroid. 
Calculations of radiation dosage to the thyroid following the administration 
of radioactive iodine can at the best only be rough estimates because of the con- 
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siderable variation in distribution of iodine and in uptake and output of I’ from 
follicle to follicle in addition to biological variation between rats. From the point 
of view of carcinogenesis it was considered more important to attempt to assess 
the likely range of dosage to the thyroid in each group than the total maximal 
radiation. It was found that the 30 ~C I'*! group of rats in the present experiment 
received a radiation dosage to the thyroid which lay within the same range aimed 
at in the treatment of humans with Graves’ disease. 

Feller et al. (1949) pointed out that since the maximum range of the beta 
particles emitted from ['*! is comparable to the dimensions of the rat’s thyroid, 
a geometrical factor must be calculated to estimate the reduction in radiation 
dose at points near the surface of the gland as compared with the centre. By 
assuming the thyroid lobes to be spherical they calculated the factor to be 0-42 
to 1 (surface to centre). By following the uptake of radioactive iodine into the 
thyroid and its sequential loss from the gland it is possible to estimate the total 
radiation dose. The conversion factor for rep was calculated by Evans (1947) : 
1 wC per mg. of tissue delivers 8-5 rep per minute. This method was used by Maloof 
et al. (1952) for doses from 1 to 300 wC and their findings have been applied directly 
to the present experiments since our decay curve was comparable with theirs. 
Corrections were made for the initial differing maximal thyroid concentrations of 
}3! of 55 per cent in their rats and 21 per cent in ours. The calculation of the 
total thyroid radiation to the centres of the glands in the present experiment 
comes to 2700 rep for the 5 wC group, 16,200 for the 30 ~C group and 60,000 
for the 100 wC group. The dosages at the periphery are presumed to be 42 
per cent of these figures (Feller et al., 1949), i.e., 1130, 6800 and 25,200 rep 
respectively. 

The rats put on to methylthiouracil 24 hours after the injection of radio- 
active iodine showed a more rapid iodine loss (Fig. 19) than controls and 
appear to have received about two-thirds of the maximal irradiation calculated 
above. 

In previous calculations the wide variation in uptake from follicle to follicle, 
observed in all autoradiographs, has been neglected. The average range of beta 
rays emitted by I'*! is about 440 yw in tissues a length well above the normal 
diameter of the central follicles of the rat thyroid. The central follicles are thus 
exposed to a cross-fire which is likely to prevent the dosage from falling below 
an average level in the gland centre. But the cells which line central follicles, 
which are frequently observed in autoradiographs to take up more I'*! than the 
rest, are likely to be submitted to at least a 50 per cent higher dose. In contrast 
to this, cells lining peripheral follicles, some of which have a mean diameter of 
over 250 ~ and which, in autoradiographs, show an [’*! uptake well below the 
others, are likely to be submitted to a dose of roughly half that calculated geo- 
metrically. Indirect evidence of this latter point is the finding, quoted above, 
of survival of peripheral follicle cells in the thyroids of rats injected with as much 
as 525 wC I'5! (Goldberg e¢ al., 1950). In view of these findings, 50 per cent was 
added to the radiation dosage calculated for the centres of the glands and 50 per 
cent subtracted from the dosage calculated for the gland peripheries. The final 
calculated ranges are as follows: 5 wC I'*!—570 to 4050; 30 wC ['%!—3400 to 
24,300; 100 ~C I**!—12,600 to 90,000 rep and one-third less in animals in which 
the radioactive iodine was followed by methylthiouracil, i.e., 380-2700, 2270— 
16,200 and 8400-60,000 respectively. 
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TaBLeE VII.—Summary of All Experiments. 


Number Meanbody Mean thyroid 


of rats. weighting. weight in mg. Thyroid adenomas : 
Treatment. S.error + range of remarks 
M. F. of mean. weights. 
Controls P »- 8 6 .252 + 23. 20 (17 — 25) . Microadenomas in moderate num- 
ber in 7 of the total 9. 
Methylthiouracil . 7 13.178 + 8-4. 177(87 — 285). Adenomas in moderate number 


in 19 of the total 20. 


5 wC Tit ° . 1 5 .281 + 17-5. 31 (8 — 100) . Adenomas in moderate number 
in 3 of the total 6. 
30 ,C Dp" . - 8 6 .258 + 14-7. 12 (8 — 22) . Adenomas in moderate number 
in 7 of the total 14. 
100 2 298 + 25-3. 11 (5 — 15) . No adenomas in any of the 7. 
5 eC [82 + 14 3 .182 + 7 . 167(46 — 302). Very numerous large adenomas 
Methylthiouracil in all 17. 
30 pC DP + 12 8 . 19% + 10 . 170(82 — 540). Very numerous large adenomas 
Methylthiouracil in all 20. 5 carcinomas of 
thyroid. 
100 »C [2 + — 7 . 143 413-4. 13 (5 —33) . Adenomas in moderate number 
Methylthiouracil in 4 of the total 7. 


The rats were killed 15 months after the administration of the radioactive iodine ; those treated 


with methylthiouracil were given the drug as a 0-1 per cent suspension in their drinking water for 
most of the 15 months. 


Comment on experimental findings. 


The finding of very numerous thyroid adenomas and of 5 carcinomas in the 
thyroids of the rats treated with 30 ~C ['*! and methylthiouracil confirms the 
results reported previously (Doniach, 1950). Purves and Griesbach (1947) 
obtained thyroid adenocarcinomas in 7 out of 13 rats killed after 20 months’ or 
more treatment with thiourea alone but no carcinomas in animals killed earlier. 
The radioactive iodine, in the present experiment appears therefore to have 
hastened the onset of malignancy. The animals were all killed after 15 months and 
the rats on methylthiouracil alone showed no carcinomas. 5 “C I'*! and methyl- 
thiouracil led to the production of a greatly increased incidence of adenomas, 
but no definite carcinomas. These findings confirm the additive action of radio- 
active iodine in carcinogenesis by antithyroid drugs, and show that the range of 
2270 to 16,200 rep was more efigetive than 380 to 2700 rep. In contrast, the 
methylthiouracil given to rats treated with 100 ~C I'*! produced less adenomas 
than methylthiouracil alone. This inhibition at a dosage level of 8400 to 60,000 
rep confirms the findings of Maloof et al. (1952) of the greatly diminished capacity 
of heavily irradiated thyroid ceils to undergo hyperplasia. Adenomas of a similar 
morphology to those present in the thyroids of rats treated with antithyroid drugs 
were found in the animals given 5 wC and 30 wC I'*! alone, the latter appearing 
more effective than the former. The dosages of 3400 to 24,300 and 570 to 4050 
rep in these groups lie within the range demonstrated by Maloof et al. (1952) to 
interfere with thyroid funciion, and may have been, therefore, partly effective by 
leading through diminished throxine output to an increased thyrotrophic hormone 
production. 100 w#C I'*! alone appears to have inhibited the capacity of the 
thyroid cells to undergo hyperplasia. The histological changes in the thyroids 
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and pituitaries of this group are significant. There are two points of evidence 
that a certain amount of thyroxine was being synthetized. Firstly, the animals 
grew from an initial weight of 100 g., when the radioactive iodine was first ad- 
ministered, to the full weight of 250 to 350 g., at the end of the experiment. 
Secondly, the pituitaries showed a good complement of well granulated alpha cells. 
Purves and Griesbach (1946) demonstrated that the maintenance of the alpha 
granulations is dependent upon a supply of thyroxine ; the pituitary alpha cells 
disappear after thyroidectomy and are restored by the daily administration of 
one-fifth or more of the normal thyroxine requirements. Nevertheless, the beta 
cells showed the typical changes of a raised level of thyrotrophic hormone secretion 
described by Griesbach and Purves (1945). This suggests that the irradiated 
thyroid glands were secreting at least one-fifth but less than the normal thyroxine 
requirements. The diminished capacity of the irradiated glands to regenerate 
prevented a return to quantitatively normal thyroxine synthesis, thus perpetuating 
an increased thyrotrophic hormone output and accounting for the hypertrophy 
of the thyroid cells. Another possibility to be considered is that irradiated 
thyroid cells differ from normal in requiring a higher level of thyrotrophic hormone 
stimulation in order to secrete a normal quantity of thyroxine. Similar changes 
in the thyroids and pituitaries were observed to a lesser extent in the 30 wC [4 
treated rats and to a slight extent in the thyroids only of the 5 wC I'*! group. 

The bizarre thyroid cell nuclei observed by Maloof et al. (1952) in I'*! treated 
rats were seen in the present experiment, and were also accentuated in rats treated 
by additional thiouracil. One cannot say whether the neoplastic cells arise from 
these or from their apparently normal neighbours. They do, however, constitute 
evidence of irreversible irradiation changes. We do not know the life span of 
thyroid cells, but it is almost inconceivable that they could survive and function 
without replacement for 15 months, a period of nearly one half the animal’s life 
span. It is likely, therefore, that the cells of the irradiated glands divide. Neo- 
plasms in general arise in tissues made up of actively dividing cells. They do 
not arise from irreversibly differentiated cells such as neurones or keratinized 
epidermal cells. The chances of the development of neoplastic thyroid cells 
following irradiation are likely to vary directly with the number of post irradiation 
mitoses which take place. This number will be increased in the thyroid by thyro- 
trophic hormone stimulation. The proportion of cells which become neoplastic 
is presumably related to the dose of irradiation. The absence of adenomas in 
the 100 ~C ['*! treated group is considered to be due to a lower incidence of dividing 
cells following irradiation than that which followed in the 30 and 5 ywC groups. 
Adenomas might have been found after a further 6 months since they were present, 
albeit in small number, in the 100 ~C treated rats submitted to additional thyro- 
trophic hormone stimulation by a prolonged course of methylthiouracil. We 
know from Goldberg and Chaikoff’s (1952) findings that cancers may arise in 
rats 1} to 2 years after 300 wC of ['*1. 

Griesbach, Kennedy and Purves (1945) and Purves and Griesbach (1947) 
found involution of thiourea-induced benign and malignant thyroid tumours in 
rats when the thyrotrophic hormone level was lowered by the later addition of 
thyroxine to the treatment. Goitrogen induced tumours were transplantable 
only into animals kept in a state of thyroxine deficiency (Bielschowsky et al., 1949) 
and Purves et al. (1951) concluded that as the tumours were capable of progressive 
growth, invasion of surrounding tissues and the production of distant metastases, 
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they were malignant but were not “‘ autonomous ”’ since they were dependent on a 
high level of thyrotrophic hormone for their continued growth. Purves et al. (i951) 
have since studied the behaviour of a rat thyroid adenoma on serial transplanta- 
tion. The original tumour appeared during long term thiouracil administration. 
The transplants were made into thyroxine deficient rats and underwent changes 
with the eventual production of three histological types. One of these was a 
malignant anaplastic carcinoma transplantable into hosts without thyroxine 
deficiency. It was not dependent on a high level of thyrotrophic hormone, 
did not concentrate iodine, grew rapidly, and killed its hosts within a few weeks. 

The main difference between the action of antithyroid drugs alone and com- 
bined with the carcinogen acetamidofluorene is that with the latter treatment 
thyroid tumours appear considerably earlier and in greater number. Bielschowsky 
(1949) found also that acetamidofluorene produced thyroid adenomas in the 
absence of a chemical goitrogen in the regenerating thyroids of subtotally thyroi- 
dectomised rats. Purves et al. (1951) have concluded that neoplastic cells arise 
spontaneously in the normal rat thyroid and that the carcinogen acetamido- 
fluorene seems to act by speeding up their formation, their further development 
and growth, however, being dependent upon a high thyrotrophic hormone level. 
This has been produced experimentally by the prolonged administeration of anti- 
thyroid drugs, or by prolonged iodine deficiency (Wegelin, 1927). The results 
of the previous (Doniach, 1950) and the present experiments show that the action 
of radicactive iodine is comparable with that of the carcinogen acetamidofluorene. 
In addition, radioactive iodine on its own leads by partial inhibition of thyroxine 
synthesis to a prolonged rise in thyrotrophic hormone level. The tumours pro- 
duced by the radioactive iodine alone were benign, and in combination with 
methylthiouracil were of low grade malignancy. From the description of Gold- 
berg and Chaikoff (1952), the experimental thyroid carcinomas which resulted 
from an extremely intense irradiation with radioactive iodine appeared to be of 
a high grade malignancy. The possibility that a carcinoma of low grade malig- 
nancy might become anaplastic must be considered after the findings in the trans- 
plantation experiment of Purves et al. (1951); the probability however is unknown. 


Dangers of carcinogenesis to humans treated with I'*", 


After an exposure to 1800 rep from I?*', Maloof et al. (1952) found a normal 
thyroid histology in rats 1} years later. But following 5800 rep and upwards, 
hypertrophied thyroid cells andsincreasing numbers with abnormal nuclei were 
seen, accentuated by a short course of methylthiouracil. These cells persisted 
up to 1} years. Tracer doses of I'*! in clinical medicine fall into the first category, 
those therapy doses which lower thyroid function below normal into the second. 
From the experimental findings in rats it would appear that 9000 rep to the thyroid 
in Graves’ disease must act chiefly by functional damage leading to diminished 
thyroxine production rather than by actual total destruction of the gland. This 
is borne out by the brief descriptions of Chapman and Evans (1949), Williams 
et al. (1949) and Shapiro (1950), who noted no histological evidence of gross 
destruction in the thyroids of thyrotoxic patients after treatment with radioactive 
iodine. The hyperplastic thyroid of the thiouracil treated rat is not strictly 
comparable with the hyperplastic thyroid of thyrotoxicosis. There is certainly 
as yet no clear-cut evidence that the latter is associated with a high blood level 
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of thyrotrophic hormone. However, a dose of radioactive iodine sufficient to 
cure Graves’ disease might interfere sufficiently with thyroxine synthesis as to 
lead to a raised production of thyrotrophic hormone. The conditions may thus 
be fulfilled for tumour production, i.e., an initial radiation damage followed by 
prolonged thyrotrophic hormone stimulation. One would expect the latent 
period in humans to be many years, and it is possible that in time thyroxine pro- 
duction and thyrotrophic hormone levels might return to normal and the chances 
of tumour production be much diminished. This could be ensured by deliberate 
thyroxine medication. On the other hand, the treatment of a relapse, after 
radiation therapy, by antithyroid drugs might prove an ideal stimulus for tumour 
development. On present data therefore the carcinogenic danger of radioactive 
iodine appears to be the initiation of irreversible radiation damage to the thyroid. 
This renders a greater number of cells liable to tumour formation when later 
stimulated by thyrotrophic hormone than in the non-radiated gland. A pro- 
portion of the resultant tumours are likely to be carcinomas, probably of a low 
grade malignancy. The dosage lies within the known carcinogenic range. Ana- 
plastic carcinomas may develop, especially when very destructive doses of I! 
are used. 

In view of the experimental findings in rats (of various strains and in different 
countries), it is probable that the present methods of clinical ['*' therapy in 
thyrotoxicosis may eventually prove carcinogenic. We shall have to follow treated 
patients for 15 to 25 years in order to verify this danger and find out what propor- 
tion of them develop thyroid carcinoma. Meanwhile, four precautions are sugges- 
ted. First, as prescribed in many centres in this country (Pochin, 1952 ; Wayne, 
1952; Fraser and Abbatt, 1952, personal communication), thyrotoxic patients 
under the age of 45 should only be treated with radioiodine when other methods 
of treatment are contra-indicated or when the expectation of life is less than 
20 years. Secondly, the minimal dose of I'*' to produce remission should be 
administered. Thirdly, thyroxine medication should be instituted and main- 
tained after the thyrotoxic symptoms are relieved. Fourthly, antithyroid drugs 
are strongly contra-indicated at any time after radioiodine therapy. How long 
thyroxine medication should be maintained could be assessed by blood or urine 
estimations of thyrotrophic hormone levels after a trial period of a few weeks’ 
cessation from the medication. 

The carcinogenic danger to humans of I'*! therapy in Graves’ disease is by 
no means proven by the above findings in rats since we do not know the comparable 
susceptibility to neoplasia of the thyroid glands of the two species, since we cannot 
directly compare dosages of irradiation, and we cannot assume that the rat’s 
methylthiouracil stimulated thyroid is similar to the human thyrotoxic gland. 
Nevertheless the findings must be taken seriously. The effective I'*' dose range 
in rats is comparable with the therapy dose range in humans in so far as it appears 
to have similar biological effects in reducing thyroid size without actual gland 
destruction and produces no very gross loss in thyroxine synthesis. The crux 
of the matter seems to lie in the degree of radiation damage to the thyroid cells. 
If one could show that the present dosage of I'*! used in Graves’ disease renders 
the patients euthyroid without producing an irreversible interference with thy- 
roxine synthesis, then the carcinogenic danger is likely to be very slight. If, 


- however, future thyrotrophic hormone studies show a perpetuated increase above 


normal after treatment, the carcinogenic danger may be great. 
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SUMMARY. 


The carcinogenic potency on the thyroid of 5, 30 and 100 wC I’! was tested 
on a total of 100 rats, alone and combined with a subsequent 15-month course of 
methylthiouracil. The radioactive iodine was found to increase the formation 
of thyroid adenomas as compared with controls in the 5 and 30 wC groups but 
not in the 100 wC group. Out of 20 rats treated with combined 30 wC I! and 
methylthiouracil 5 developed thyroid carcinomas. The radiation dosage range to 
the thyroid of 2270—16,200.rep in the latter experiment is likely to include the dos- 
age aimed at, of about 9000 rep, in the treatment of Graves’ disease. The carcino- 
genic danger of radioiodine therapy is regarded as due to the production of irrever- 
sible cells changes in the thyroid, which render them more liable than normal cells 
to tumour formation when stimulated to undergo hyperplasia. At the same time, 
a dosage strong enough to interfere with thyroxine synthesis by radiation damage 
to the thyroid leads indirectly to a prolonged increased output of thyrotrophic 
hormone from the pituitary. This constitutes a perpetual stimulus to hyper- 
plasia of the thyroid cells. It is thought that the present dosage of I'** used in 
the treatment of Graves’ disease may eventually prove carcinogenic. 


I am grateful to Drs. Russell Fraser, 8. R. Pele and Selwyn Taylor for their 
advice and criticism, to D. G. Arnott for the measurements of radioactivity, 


E. V. Willmot for the photomicrographs, and J. G. Griffin and L. J. Wright for 
the sections. 
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Juperne from the literature, adenomata occur more frequently in the pitu- 
itaries than in the thyroids of aged rats. At the routine autopsies of 154 albinos 
of the Wistar strain, 41 of which were males, 86 intact and 27 spayed females, 
24 cases of adenoma of the pituitary were discovered. Seven of these occurred 
in the males, 16 in the intact females and only one in an ovariectomised animal. 
The average age of these rats was 2 years. Adenomata of the thyroid were 
found in 5 animals, 4 times in combination with neoplastic lesions of the pituitary. 
Post-mortem examinations performed on old rats of a more recently acquired 
hooded strain have furnished three additional cases of tumours of thyroid and 
pituitary. The paper describes the findings in these 8 rats, and endeavours to 
interpret the pathogenesis of the neoplastic lesions found in the two endocrine 
glands as a sequel to chronic iodine deficiency. 


MATERIAL AND METHODS, 


Like all our stock rats, the animals described in this paper were kept during 
their lifetime in a room separated from the experimental animals and had there- 
fore no contact with goitrogenic or carcinogenic agents. The diet consisted of 
a dry mixture of bran 30 per cent, pollard 35 per cent, meat meal 15 per cent, 
maize meal 15 per cent and bone flour 5 per cent, supplemented by wheat and 
kibbled maize, and once weekly by green vegetables and cod liver oil. Drinking 
water was supplied in liberal amounts. The “ iodised ” drinking water contained 
an additional 0-22 mg. KI in 1000 ml. The weight of the animals was recorded 
at fortnightly intervals and they W6re sacrificed when loss of weight and general 
appearance indicated ill-health. 

At autopsy the pituitaries were immediately transferred into a pre-weighed 
bottle containing about 2 ml. of sublimate-formalin and their weight deter- 
mined subsequently. The following three methods were used for staining of 
paraffin sections of the hypophysis : 

(1) Green’s modification (1951) of the Papanicolaou method. Some commer- 
cial samples of light green do not stain the basophils with sufficient intensity, 
which, however, can be enhanced by restaining the sections for 2-3 minutes with 
a solution consisting of 25 parts of 1 per cent light green, 25 parts of 0-7 per cent 
phosphotungstic acid and 50 parts of distilled water. 

(2) A modification of the McManus-Hotchkiss procedure for the demonstration 
of glycoprotein. 
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I have followed the instructions given by Lillie for his allochrome method 
(1952) up to stage 6; then the sections were stained with Harris’s haematoxylin, 
washed for 5 minutes in running water, dehydrated in 70 per cent, 90 per cent 
and absolute alcohol, cleared in xylene and mounted in Canada balsam. 

(3) Gomori’s elastic tissue stain for demonstration of the thyrotrophic cells 
(Purves and Griesbach, 1951c). Material taken from other organs was fixed in 
Zenker’s solution and stained with haematoxylin and eosin. 


RESULTS. 


During the four years (1949-52) when a systematic search for neoplastic 
changes in aged rats was conducted, marked activation of thyroid glands was not 
seen before the spring of 1951. It was at this time that tumours of the thyroid 
appeared in old Wistar rats of our stock (Rats 1-3). In the majority of these 
animals, neoplastic changes of the hypophysis were also present which on histo- 
logical examination were found to differ from the pituitary adenomata occurring 
“‘ spontaneously ” in rats with normal thyroids. Prior to June, 1952, tap-water 
was supplied to all rats for drinking. Subsequently the Wistar rats received 
“iodised ” tap-water whereas the hooded continued on the old régime. It seems 
worthy of note that after July, 1952, no further instances of enlarged thyroids 
were found in aged Wistar rats, while in the hooded, signs of thyroxine deficiency 
and three cases of thyroid tumours were still found during the second half of 
1952 (Rats 4-6). However, in two aged Wistar rats signs of previous stimulation 


EXPLANATION OF PLATES. 

Fic. 1.—Pituitary adenoma of Rat 1. The dark areas seen in the pars intermedia are due to 
large blood-filled sinuses. (Papanicolaou.) x 40. 

Fic. 2.—Detail from Fig. 1 showing the variation in size and shape of the tumour cells, 
(Papanicolaou.) x 600. 

Fie. 3.—PAS preparation of the same tumour as Fig. 1. The dark angular cells are rich 
in glycoprotein. x 700. 

Fie. 4.—Adenoma of thyroid of Rat 1. H.& E. x 40. 

Fic. 5.—Horizontal section of pituitary of Rat 2. The pale areas marked A and B represent 
the two basophil adenomata. (Papanicolaou.) x 25. 

Fic. 6.—Section of Tumour A (Rat 2) showing cells with Gomori positive granula. x 700. 

Fic. 7.—Section from same tumour as Fig. 6, border between adenoma and middle lobe not 
anymore recognizable. P = posterior lobe. (Papanicolaou.) x 400. 

Fie. ae the border between the adenoma and hyperplastic thyroid of Rat 2. 
H.& E. x 125. 

Fic. 9.—Section of pituitary of Rat 3 showing the distorted pars intermedia. (Papani- 
colaou.) x 80. 

Fic. — of neoplastic basophilic cells in anterior lobe of Rat 3. (Papanicolaou.) 
x 700. 

Fie. 11.—Border of thyroid adenoma of Rat 3. H.& E. x 125. 

Fic. 12.—PAS preparation of pituitary tumour of Rat 4. x 700. 

Fie. 13.—Border of thyroid adenoma of Rat 4. H.& E. x 125. 

Fie. 14.—Showing an aggregation of strongly PAS positive cells in pituitary of Rat 8. 
x 80. 

Fie. 15.—Thyroid adenoma of Rat 8 showing signs of involution in the tumour as well as 

in the surrounding tissue. H.& E. x 125. 
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of the thyroid were discovered on histological examination, 4 and 7 months after 
‘“jodised ’’ water had been supplied (Rats 7 and 8). In the South Island of 
New Zealand goitre is endemic in man as well as in domestic animals, and there- 
fore it is not surprising that signs of iodine deficiency have appeared in some 
old animals of our stock. In this connection it might be mentioned that in the 
rabbit colony maintained in the Animal Department of the Otago Medical School 
animals with enlarged thyroids have been observed in the past. The fact that 
the syndrome to be described was not observed during 1949-50 suggests that the 
iodine deficiency may have developed in consequence of a change in the iodine 
content of the diet obtained from commercial sources. 


Post-mortem and histological findings, Rats 1-3. 

Rat 1, a male Wistar rat 20} months of age weighing 258 g. was sacrificed 
because the animal was losing weight rapidly. The post-mortem examination 
revealed that this was due to a chronic inflammatory disease affecting both lungs. 
Apart from a slight atrophy of the sex organs not exceeding the degree usually 
found in animals suffering from bronchiectatic abscesses, only pituitary and 
thyroid appeared abnormal. The former was of normal shape and its weight 
was only slightly increased (8-6 mg.). A haemorrhagic crescent-shaped area was 
recognisable on the border of anterior and posterior lobes making it difficult to 
recognise clearly the pars intermedia. The thyroid was grossly enlarged and 
hyperaemic. 

On histological examination a well-defined tumour of the anterior lobe of 
the pituitary was discovered situated in front of the central part of the inter- 
mediate lobe. Greatly dilated sinuses and areas of haemorrhage were present 
in the pars intermedia (Fig. 1). Near the superior surface of the pituitary the 
tumour was so intimately connected with the pars intermedia that a border bet- 
ween the adenoma and the middle lobe was not any more recognisable. The 
cytology of this tumour varied in sections taken at different levels. In some, the 
neoplastic character was conspicuous with giant and other atypical forms present 
in large numbers (Fig. 2). In other sections the cells varied considerably less in 
size and shape. Here many angular-shaped elements were present with a round, 
frequently vesicular nucleus, and of the size of a normal basophil of the rat’s 
pituitary. Their granular cytoplasm stained a faint bluish green in Papani- 
colaou preparations, the negative image of the Golgi apparatus being recognisable 
occasionally. In sections treated with Schiff’s reagent, after pretreatment with 
periodic acid, some of these cells gave a strong or rather more frequently a weak 
reaction for glycoprotein (Fig. 3). When treated with Gomori’s fuchsin aldehyde 
reagent, the cytoplasm of the angular cells and especially their granules stained 
purplish-violet. In other words, these cells strongly resembled and gave the 
staining reactions of those basophils which Purves and Griesbach (195la) named 
“thyrotrophs.” Therefore the tumour is considered to be a basophil adenoma 
formed by thyrotrophs. 

In the part of the anterior lobe outside the basophil adenoma the basophils 
were considerably increased in numbers. Angular types again predominated, 
but here vacuolated forms, extremely rare within the tumour, were numerous. 
These cells were identical with those seen after partial thyroidectomy. They 
gave a positive PAS reaction of varying intensity, and with the Gomori stain some 
were found to contain coarse violet-purple granules. The large round Gomori 
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negative basophils, the gonadotrophs of Purves and Griesbach (195la and 1951) 
were not increased in numbers. ‘The acidophils appeared to be normal. 

Histologically the thyroid showed the typical picture of hyperplasia and hyper- 
aemia, tall epithelium lining the acini which contained hardly any colloid and 
vessels engorged with blood. In addition, a single adenoma of the tubular type 
was found which occupied half of one lobe. The tumour was sharply limited 
and compressed the neighbouring hyperplastic tissue. The cells forming the 
adenoma were closely packed, of cylindrical shape, and had elongated nuclei 
fairly rich in chromatin. Mitosis were extremely rare. There was no colloid 
inside the tumour; the clear spaces seen in Fig. 4 correspond to large sinuses. 

Rat 2,a male, 27 months of age, was killed because its body weight dropped 
from 320 to 293 g. during the last month of life. At the autopsy the rat was found 
to have a mild cronic infection of the lung. The pituitary was larger than normally 
(11-8 mg.) and of slightly irregular shape due to the presence of two nodules in 
the vicinity of the intermediate lobe. The thyroid was remarkably enlarged 
(82 mg.), but no special structure could be recognised macroscopically. All 
other organs were found to be normal on naked eye inspection as well as histolo- 
gically except for a slight hypertrophy of the seminal vesicles, spermatogenesis 
proceeding normally in the testis. 

- Stained sections of the pituitary confirmed the presence of two distinct tumours. 
As depicted in Fig. 5, the larger of the two protrudes above the anterior surface 
and is closely connected with the pars intermedia ; the other, just appearing in 
the section, bridges the pituitary cleft and is situated laterally. A group of three 
cysts is present in the opposite half of the anterior lobe. On the whole the mor- 
phology of the cells composing the two adenomata as well as their stainability 
resembled closely the findings in Rat 1. Here again the cytoplasm of the tumour 
cells stained bluish with light green in Papanicolaou preparations. Some of the 
cells composing the adenomata gave a strong positive PAS reaction and stained 
like thyrotrophs with Gomori’s fuchsin-aldehyde reagent (Fig. 6). In some sec- 
tions the cells of the larger basophilic adenoma intermingled with those of the 
pars intermedia (Fig. 7); in others, where the cleft separating the anterior from 
the intermediate lobe was present, the tumour was always confined to the former. 
The similarity of the pituitaries of Rat 1 and 2 was not confined to the cytology 
of the basophilic adenomata. Just as in Rat 1, there were more basophils than 
normally in the anterior lobe, whereas the acidophils were present in normal and 
the chromophobes in reduced numbers. Again, so-called thyroidectomy cells 
were promimemt. 

On histological examination the thyroid showed all signs of increased functional 
activity such as hyperaemia, loss of colloid and tallness of the glandular epithelium. 
A fair sized adenoma of the alveolar type was present in one lobe (Fig. 8). In 
some areas of this tumour large follicles were seen which contained colloid stain- 
ing faintly with eosin. The cells lining the follicular structures inside the adenoma 

were still taller than the columnar epithelium of the rest of the gland. 

Rat 3, an apparently healthy virgin rat of 230 g. weight, was killed when 
2 years old. At the post-mortem the only lesion discovered was a whitish nodule 
situated in the left lobe of the thyroid. The pituitary was of normal shape and 
weight (7-4 mg.), as were the suprarenals (45 mg.), the ovaries (71-2 mg.), which 
contained multiple corpora lutea, the uterus, vagina and mammary glands. On 
histological examination only pituitary and thyroid were found to be abnormal. 
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In the hypophysis the pathological changes were confined to the anterior and 
middle lobes. The latter was increased in size and of irregular shape with a 
tongue-like projection pointing into the anterior lobe (Fig. 9). On the tip of the 
projection an occasional mitosis was seen. Further evidence for active growth 
was provided by the presence of nests of cells belonging to the glandular part of 
the pituitary which had become engulfed by the pars intermedia. In some regions 
of the anterior lobe the basophils were increased in numbers. Especially in 
sections taken near the inferior surface, clusters of atypical basophils were found 
characterised by their abnormally large nuclei (Fig. 10). These agglomerations, 
most frequent towards the centre, had no connection with the intermediate lobe, 
and many of the elements composing them gave a positive Gomori reaction. 
The acidophils and chromophobes were normal as to numbers and cytology. 

On histological examination the whitish nodule, seen at autopsy in the left 
lobe of the thyroid, was found to be an adenoma. A thin capsule separated the 
tumour from the rest of the gland, the epithelium of which was taller than normally. 
Inside the tumour the cells were closely packed, had ill-defined cell borders and 
vesicular nuclei of round or oval shape. They rarely formed acini (Fig. 11). 
Strands of collagen fibres subdivided the adenoma into islands of solid cell masses 
in which an occasional mitosis was seen. 


Post-mortem and histological findings—Rats 4-6. 

The three old hooded rats showed a similar pathology of tkyroid and pituitary. 
The most advanced lesions were found in a multiparous female, 26 months of 
age and weighing 250 g. (Rat 4). This animal was sacrificed because of the pres- 
ence of a large tumour situated in the region of the third left mammary gland. 
The pituitary was grossly enlarged (164-4) mg., of irregular shape and brownish 
red colour, obviously haemorrhagic discolouration. The pars nervosa was recog- 
nisable as a whitish elongated area situated on the posterior surface of the gland. 
The tumourous pituitary had compressed the base of the brain without invading 
it. One of the hyperplastic breast glands contained a tumour, a typical fibro- 
adenoma measuring 20 x 13 x 4 mm. Of the other organs only the thyroid 
appeared abnormal. It was greatly enlarged (127-6 mg.), hyperaemic, and had 
a smooth, slightly mottled surface. 

On histological examination only a rim of non-neoplastic pituitary tissue 
was found, rich in well granulated acidophils of normal appearance and containing 
also some basophils. The pituitary tumour was composed of large atypical cells 
with well-defined cell borders. They varied considerably in size and shape, 
angular forms being rather numerous and had an ample cytoplasm in which 
occasionally the negative image of a Golgi body was recognisable. The nuclei 
were vesicular or rich in chromatin ; mitoses were frequent. In Papanicolaou 
preparations some cells showed a marked affinity for light green, whereas the 
majority stained only faintly. Also, in sections treated with Gomori’s fuchsin 
aldehyde reagent relatively few well granulated tumour cells were seen, and the 
same variability was found in preparations stained according to the PAS tech- 
nique. This method showed that apart from the rarer type of tumour cells 
giving a strong reaction for glycoprotein (Fig. 12), other elements were present in 
which the cytoplasm stained pinkish or faintly red. Such cells occured sometimes 
‘n large clusters. Another feature of the tumour was the large sinuses engorged 
with red blood corpuscles and areas of haemorrhage. 
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Histologically the thyroid showed the signs of great functional activity. In 
one lobe a large adenoma was found (Fig. 13) which reached the capsule, and 
was surrounded by a strand of collagen fibres for the greater part of its circum- 
ference. Only in one region the tumour seemed to blend with the surrounding 
tissue. Here, groups of neoplastic cells, many of them dividing, were found 
between normal acini—suggestive evidence for beginning invasion. Inside 
the growth the cells were arranged in form of alveoli, generally free of colloid, 
or in solid sheets enclosing occasionally a well formed acinus. This was the 
only thyroid tumour in this series the benign character of which was doubtful. 

The two other females of the hooded strain (Rats 5 and 6) showed similar 
changes in pituitary and thyroid. They were 26} and 29 months old when sacri- 
ficed. In the older the thyroid contained a whitish oblong nodule meauring 
3 <x 1 mm. at the surface. The pituitary was of irregular shape with a small 
haemorrhagic brownish area. This was a well defined basophil adenoma, the 
tumour cells giving the same staining reactions as,described above. The thyroid 
nodule resembled the adenoma depicted in Fig. 11. The neoplastic changes found 
in the hypophysis and thyroid of the younger animal were of microscopic size. 
In the slightly abnormally shaped anterior lobe numerous thyroidectomy cells 
and also multiple nodules formed by atypical basophils were present, the pars 
intermedia being normal. The well stimulated thyroid contained a small adenoma 


of the solid type. 


Rats 7 and 8. 

Rat 7, a male of the Wistar strain, was sacrificed at the age of 254 months, 
about 12 weeks after KI had been added to the drinking water. This was an 
apparently healthy animal weighing 292 g. At the post-mortem examination 
the pituitary was found to be symmetrically enlarged (67-4 mg.) and of whitish 
colour. On cutting the hypophysis appeared solid and free from haemorrhagic 
discoloration commonly seen in pituitaries of such size. Of the other endocrine 
glands only the suprarenals (39-6 mg.) differed from the normal picture by their 
darker colour. The sex organs (testis 2-8 g.) were of normal size and the thyroid 
was rather pale (25-2 mg.). The lungs were emphysematous and contained a 
small area of consolidation. 

Multiple sections of the pituitary revealed that the bulk of the gland was 
tumourous. Normal anterior lobe tissue was recognisable in the periphery as 
a narrow rim surrounding approximately half of the circumference of the tumour. 
Radiating from this rim compressed strands of predominantly acidophilic and 
chromophobic elements were seen between areas of tumour, an indication that 
the neoplasm had arisen from different foci. Intermediate and posterior lobes 
appeared normal. The cells composing the tumour were large, showed great 
variation in size and shape, had sharply defined cell borders and vesicular nuclei 
with one or more large fuchsinophilic nucleoli. Multi-nucleated and tumour 
giant cells were rather numerous and so were mitoses. When stained by the 
PAS technique or with Gomori’s aldehyde fuchsin after long search an occasional 
cell was found having PAS or Gomori positive granules. Only in this respect, 
did the adenoma differ from those described above. In Papanicolaou preparations 
the cytoplasm stained faintly with light green. 

The histology of the thyroid was that of an inactive gland. The alveoli were 
lined by a low cuboidal epithelium and had ample colloid. One lobe contained 
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an adenoma of follicular structure. Here the epithelium was also cuboid, the 
cells being more crowded and having nuclei much richer in chromatin than in 
the rest of the gland. Another feature of this well defined nodule were cystic 
dilated acini filled with colloid. 

An unexpected finding was the presence of a tumour of microscopic size situated 
in the medulla of the left suprarenal. The cortex appeared normal as to cytology 
and distribution of lipoid but in the medulla a nodule was present, formed by 
cells resembling the normal chromaffin elements except for the scantiness of the 
cytoplasm and the increased chromatin content of the nuclei. Many mitoses 
were found in this nodule, considered to be a benign pheochromocytoma. 

Rat 8, a 26 months old male, was killed because of the presence of an abscess 
in the subcutaneous tissue of the neck. Otherwise the animal was in an excellent 
state of health and weighed 460 g. when sacrificed. This rat had recieved KI 
supplement in the drinking water during the last 7 months of life. No obvious 
changes were seen in any of the internal organs at the post-mortem examination, 
but histological study of thyroid and pituitary revealed the presence of a centrally 
situated adenoma in the former and an aggregation of basophils in the latter. 
As in Rat 7, the thyroid showed a picture of a resting gland and the ceils forming 
the adenoma were arranged in an alveolar pattern and were of low cuboid shape 
(Fig. 15). The only abnormal feature in the pituitary was a region in which 
basophils of the thyrotroph type predominated. These cells differed in three 
respects from the elements forming the pituitary tumours so far described. They 
varied relatively little in size snd shape, mitoses were absent and nearly all gave 
a strong reaction for glycoprotein (Fig. 14), in other words they resembled more 
normal than neoplastic thyrotrophs. This aggregation of basophils had no sharp 
boundaries nor did it compress the surrounding tissue, but large sinuses well 
filled with erythrocytes were seen in its centre so that the blood supply here was 
superior to that of the remaining pars anterior. 


DISCUSSION 


Before entering into a discussion of the pathological observations recorded 
in this paper some fundamentals of the histology of the normal pituitary have 
to be examined. The first question to be answered is: which cells produce tl 
thyrotrophic hormone and the second, how many types of basophils occur in the 
anterior lobe of the hypophysis. As to the first, most authors seem now to concur 
that this hormone is produced by basophilic cells. Thyrotrophin is a glycoprotein. 
The acidophils of the pituitary of the rat do not give a positive reaction for glyco- 
protein whereas the basophils do. Thus, cytochemical evidence indicates the 
production of the thryotrophic hormone by the latter (Purves and Griesbach, 
195la; Pearse, 1952a and 19526). As to the second, Romeis (1940) described 
two types of basophils both stainable with aniline blue but distinguishable by 
their affinity to creso-fuschin or resorcinol-fuschin. The type stained by these 
fuchsin dyes is the beta cell, the other is the delta cell of Romeis. As shown by 
Halmi (1950) another elastica stain, Gomori’s fuchsin aldehyde reagent, also 
differentiates between two types of basophils, whereas most other techniques like 
Papanicolaou’s or Gram’s method stain all basophils. Pearse (1952a) does not 
veem to attach great significance to these different tinctorial qualities and adheres 
‘oa unitarian view. The older literature contains additional evidence in support 
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of the contention that two types of basophils exist in the anterior lobe, evidence 
mainly derived from the study of the morphology and behaviour of the so-called 
thyroidectomy and castration cells (Zeckwer, 1937, 1938; Reese, Koneff and 
Wainman, 1943). More recently Purves and Griesbach (195la, 19516, and 1951c) 
by correlating morphological evidence based on modern cytochemical methods 
with the results obtained by bio-assay of the hormone content of the gland, 
and with the reaction of the pituitary cells to physiological amounts of oestrogen 
and of thyroxine, have, in the writer’s opinion, offered overwhelming evidence for 
the existence of at least two kinds of basophils for which they suggested the names 
“ gonadotrophs ” and ‘‘ thyrotrophs.”” These recent advances in our knowledge 
of morphology and function of the normal basophilic cells ate of considerable 
help to the student of the chromophilic tumours of the pituitary. One is on 
less certain ground when dealing with the pathology of the pars intermedia. 
Two of the seven tumours presented in this communication show an intimate 
relation with the pars intermedia and similar observations have been recorded 
in the literature (Fischer, 1926; Rasmussen and Nelson, 1938). It seems, 
therefore, justifiable to review briefly those aspects of the histology of the pars 
or zona intermedia which are relevant to the problem in hand. Romeis (1940) 
confirming Rasmussen’s (1930) observations, states that the basophils found in 
the intermediary zone of the human pituitary originate from the epithelium 
forming the posterior wall of the hypophyseal cavity. Only in this respect do 
they differ from the beta cells of the anterior lobe, with which they share the 
affinity for creso-fuchsin, resorcinol-fuchsin and other dyes staining these cells 
specifically. The question whether the difference in histogenesis is of functional 
significance was left open by Romeis (1940). According to Herring and Biedl 
(quoted from Romeis, 1940, p. 535) thyroidectomy leads to an increase in the 
size of the intermediary lobe in dog, cat and rabbit. Not infrequently one finds in 
rats treated with goitrogens for prolonged periods a pars intermedia which appears 
hyperplastic (Malcolm, Griesbach, Bielschowsky and Hall, 1949). Also in some 
species the pars intermedia proliferates when stimulated by oestrogens (Vazquez- 
Lopez, 1944). These observations suggest that some stimuli to which the cells 
of the anterior lobe react with an increase in their numbers affect in a similar 
manner elements of the intermediate lobe. It has however, to be remembered that 
in the rat the cells of the intermediary lobe differ in shape from the thyrotrophs 
of the anterior lobe, with which they share the affinity for the PAS stain and 
for Gomori’s fuchsin aldehyde reagent. 

In the preceding paragraphs the work has been reviewed which led to the 
conception of a special type of basophil concerned with the production of thyro- 
trophic hormone. In the experimental part when describing the pituitary 
adenoma of Rat 1, the similarity of the tumour cells with the thyrotrophs of 
the normal pituitary has been streesed and the opinion expressed that the tumour 
is formed by neoplastic thyrotrophs. Now the pathogenesis of the basophil 
tumours can be discussed. Chronic iodine deficiency lowers the thyroxine level 
to which the pituitary responds with an increase in thyrotrophic cells. In time, 
this compensatory hyperplasia progresses towards the formation of tumours, 
which in some instances reach considerable size. In this connection it might be 
mentioned that proliferating normal thyrotrophs, as observed by Guyer and 
Claus (1937), tend to aggregate in clusters, a mode of growth which might be 
favourable to nodular hyperplasia, the first stage in adenoma formation. On 
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the other hand proliferating gonadotrophs tend to spread in a more diffuse manner, 
and so far tumours derived from them have not been observed in aged gonad- 
ectomised rats. 

When considering abnormal growth in the pituitary of the rat one has to dis- 
tinguish between true neoplasia and conditioned growth. The remarkable enlarge- 
ments of the hypophysis seen after chronic administration of high amounts of 
oestrogen regress when treatment ceases. The basophilic adenomata, however, 
are considered to be true neoplasms, because the tumour found in the pituitary 
of Rat 7 showed all signs of active growth long after the stimulus which led to its 
formation had been removed by the administration of KI. The adenoma of this 
animal was functionally inactive as judged by the appearance of the thyroid which 
was that of a resting gland. Also cells giving a positive reaction for glycopro- 
tein were virtually absent in this tumour. The most convincing evidence for 
functional activity is provided by Rat 4. The large pituitary tumour of this 
animal contained numerous PAS and Gomori positive elements and its thyroid 
showed the most pronounced signs of stimulation. In addition, in the pituitary 
of this animal, so little normal anterior lobe tissue was left that it seems most 
unlikely that this small rest could have secreted amounts of thyrotrophin large 
enough to induce a four-five fold enlargement of the thyroid. Finally the pituitary 
lesion of Rat 8 has to be considered. In this case the morphological evidence was 
more in favour of hyperplasia than of neoplasia. Here an agglomeration of 
thyrotrophs had persisted in one area despite the fact that KI had been supplied 
for 7 months. In the rest of the anterior lobe these cells were found in normal 
numbers, as was to be expected, and the thyroid had undergone involution. The 
rich glycoprotein content of the cells forming this aggregation was probably 
due to storage and not a sign of secretory activity. The anomalous behaviour 
of these cells suggests that they were no longer normal thyrotrophs. 

The thyroid tumours observed are, in the writer’s opinion, due to stimulation 
by elevated amounts of thyrotrophic hormone. The stimulus for the increased 
secretion by the pituitary was a deficiency of thyroxine due to impaired synthesis 
by an inadequate content of iodine in the diet. In six instances the thyroid 
tumours were found in activated and twice in resting glands. The latter occurred 
in animals which had received a supplement of KI for several months and are 
considered to be evidence of past stimulation. These neoplasms differed morpho- 
logically from those observed in stimulated thyroids in the same way as the 
thyroid adenomata found during administration of thiouracil differ from those 
seen after the treatment with the goitrogen has ceased. Their epithelium was rather 
low, and cystic follicles filled with colloid were a prominent feature. To sum- 
marise the pathogenesis and structure of the thyroid adenomata observed is 
similar to that of the tumours induced by goitrogens which act by blocking the 
synthesis of thyroxine. 

The conception that thyroxine deficiency is the ultimate cause of the syndrome 
described is strengthened by the following observations. Fischer (1926), writing 
from Bern, Switzerland recorded two cases of pituitary tumours found in aged 
female rats. The thyroids of both animals contained multiple tubular adenomata, 
and in one an adenocarcinoma was also present in this gland. The rats belonged 
to Wegelin’s colony in which goitre was endemic _Fischer’s paper was published 
long before the gonadotrophic and thyrotrophic hormones had been discovered. 
She stressed, however the similarity of the pituitary tumour cells with the ele- 
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ments which appear in the rat’s hypophyis after castration or thyroidectomy, 
and considered the neoplasms to be carcinomata formed. by “ castration ”’ cells 
although the ovaries of one of her animals were normal. Fischer believed that 
the neoplasms originated from the pars intermedia or tuberalis. ‘*‘ Spontaneous ”’ 
tumour formation occurring simultaneously in thyroid and pituitary of rodents 
seems to have been observed only by Fischer and by the writer, but one sees this 
syndrome under experimental conditions most frequently in animals treated with 
goitrogens for prolonged periods. So Purves and Griesbach (195la) mention 
a basophil adenoma of a rat treated with methythiouracil for two years. Basophil 
adenomata occur also in thyroidectomised rats treated with acetylaminofluorene 
(unpublished results). Into the same class belong also the pituitary tumours 
discovered by Gorbman (1950). They appear in mice exposed to high doses 
of radioactive iodine, but can be prevented by the administration of thyroxine 
(Goldberg and Chaikoff, 1951; Gorbman, 1952). Furth, Gadsden and Upton 
(1952) reported that transplants of such tumours contain large amounts of thyro- 
trophic hormone. The nature of the basophil adenomata found in gonadecto- 
mised mice of certain strains (Dickie and Woolley 1949) has not yet been estab- 
lished. In such mice adrenal cortical neoplasms develop in consequence of the 
removal of ovaries or testes early in life. It is not claimed that all basophil 
adenomata of the hypophysis are derived from thyrotrophs, but it might be 
pointed out that high doses of cortisone suppress thyroid function, and that the 
changes seen in the pituitaries of patients suffering from Cushing’s disease could 
be due to this mechanism. Finally, of the vast literature on basophil adenomata 
in men, one example may be quoted. Rasmussen and Nelson (1938) described 
two cases in which basophil tumours arose in the intermediary lobe, and in both 
patients adenomata were found also in the atrophic thyroid. Rasmussen’s 
publication comes from Minneapolis, a town situated in a region of the U.S.A. 
where goitre is endemic, and where according to Rice (1938), in the higher age- 
groups most thyroids are adenomatous. It is therefore possible that the coin- 
cidence of neoplastic changes in the two endocrine glands was due to chance. 


SUMMARY. 


Functional and non-functional basophil adenomata of the pituitary in con- 
junction with adenomata of the thyroid have been found in aged rats of two strains. 
These basophil adenomata are considered to be true tumours formed by neoplastic 
thyrotrophs. 

Chronic thyroxine deficiency due to an inadequate iodine content of the diet 
is believed to be the cause of the syndrome. Chronic thyroxine deficiency leads 
to a compensatory increase in thyrotrophs and finally to neoplastic changes in 
the hypophysis, and long continued stimulation by elevated amounts: of thyro- 
trophic hormone is the cause of hyperplasia and adenoma formation in the thyroid. 
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Tue behaviour of the intrasplenic ovarian graft in the castrated guinea-pig 
has been studied in this Department since 1942. The graft shows two particu- 
larities : blood follicles which may appear as early as 3 weeks after transplantation 
and at 2 months are frequently cystically enlarged ; and small nodules and cords 
of luteal cells, i.e., of cells which resemble those of corpora lutea, scattered in 
the ovarian stroma. Later cn, at say 10 months, the graft consists, predominantly, 
of very large corpora lutea embedded in irregularly shaped masses of cells similar 
to those of corpora lutea (Ponce de Leén, 1944; Woywood, 1944; Lipschutz, 
1946 ; Lipschutz, Ponce de Leon, Woywood and Gay, 1946; Iglesias, Lipschutz 
and Mardones, 1950). The condition has been termed by us as luteomatous. 
The luteal cells originate partly from small follicles whose theca—in some cases, 
but in a minor degree, possibly also the granulosa—undergoes precocious luteini- 
zation, and partly, according to our evidence, from cells of the stroma. Blood 
follicles and Graafian follicles were still present at 10 and even 20 months. 

On the contrary, blood follicles fail to appear in the intrasplenic graft when 
the second ovary is left in situ (Gay, 1944) or grafted into the kidney (Ramirez, 
1950). They appear only exceptionally when a minute ovarian fragment is left 
in situ (Gay, 1944; Niedmann, 1947 ; Bruzzone, Lipschutz and Niedmann, 1952), 
whereas they invariably appear when both ovaries are grafted into the spleen 
(Ramirez, 1950; Ramirez, Iglesias, Mardones and Lipschutz, 1952). There is 
thus full evidence that the whole gamut of atypical changes, including tumouri- 
genesis, is due to the hypophysial gonadotrophic activity. not duly controlled by 
ovarian hormones, the latter having been inactivated to a considerable degree in 
the liver. 

The luteomatous or tumoural structure described in the guinea-pig is different 
from that in other laboratory animals. Granulosa-cell tumours and luteomata 
appear in the intrasplenic graft in castrated rats (Biskind and Biskind, 1944, 
1949; van Lancker and Maisin, 1950; Lacour, Oberling and Guérin, 1951). In 
mice granulosa-cell tumours are more prevalent than luteoma (Li and Gardner, 
1947a, 19476; Li, 1948; Furth and Sobel, 1947). Metastases may occur in 
mice and the tumour is transplantable (Li, 1948). But transplantation may also 
fail (Furth and Sobel, 1947). In our work with the guinea-pig metastases have 
never been observed. Granulosa-cell tumours largely luteinized have been 
produced also in the rabbit (Peckham, Greene and Jeffries, 1948 ; Peckham and 
Greene, 1952). 

In the present paper results are recorded which were obtained in the guinea-pig 
in experiments in which the intrasplenic ovarian graft has been examined 20 
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months up to more than 3 years after transplantation. Results shall be discussed 
with reference to the following relevant point: is the luteoma of the guinea-pig 
liable to change, in the course of time, as to its biological behaviour, in such a 
way that there might be a chance for inducing transplantable and metastasizing 
ovarian tumours in experiments lasting as long as 3 years ? 


RESULTS. 
A. Incidence of luteoma. 


As already stated, at say 10 months almost the whole ovarian stroma may be 
replaced by luteinized cells. But more often luteal cords or nodules are less 
massive and the corpora lutea are embedded in the loose and often oedematous 
ovarian stroma. It is only in the first case that we speak of luteoma. The 
difference between what we call “‘ luteoma ” and “ non-luteoma ”’ is only one of 


degree. 


TaBLE I.—Jntrasplenic Ovarian Autografts in 21 Castrated Guinea-pigs, 20 to 
36 months after transplantation. 


Animals Animals Animals 
—_—o Total with Animals with with Animals 
(days) number of haemor- with luteo- large cysts with 
ys). animals.* rhagic luteoma. matous predomi- “Brenner.” 
follicles. invasion. nating. 


It . 608to612 . 5 . 3 . 4 ° 1 
II 802to 915 . 7 2 4 3 
Ill - 997 to 1093 . . 5 5 5 1 


* Animals omitted in which there were adhesions between spleen and abdominal wall with 
suppression of haemorrhagic follicles and growth of uterus. But see also exceptions in next note. 

** Including 3 animals with adhesions between spleen and abdominal wall. There was in 2 cases 
growth of nipples and uterine growth. But haemorrhagic follicles were present in all the 3 cases. In 
one of these animals there was a luteoma. 

+ In the animals of this group tiny pellets containing 40 per cent. of progesterone were implanted 
into the ovary to be grafted, according to the technique of Iglesias (Iglesias, Lipschutz and Rojas, 
1950), to study the question whether progesterone will act locally as an antiluteinizer, i.e., when not 
allowed to reach the general circulation. As seen from the table, 4 out of 5 animals had luteoma, 
notwithstanding the progesterone pellet in the graft. 


Group. 


As seen from Table I, at 20 months the number of animals with luteoma as 
defined above was very considerable. Various new structural aspects were 
discovered in the present series of long duration: (1) The luteoma may become 
* exclusive,” or almost ‘‘exclusive’’; (a) luteinized tissue becomes so over- 
whelming that Graafian follicles are absent or found only when a systematic 
search in a complete series is made (Fig. 5) ; (6) the whole ovary may be occupied 
by luteal tissue without individual corpora lutea being recognizable. Three 
grafts of 20, 30 and 33 months were especially impressive as to this (Fig. 5 and 6 ; 
14and 15; compare with Fig. 1 and 2). These grafts without individual corpora 
lutea are, in the fresh section, of an intense yellow colour. (2) The size of the 
luteomatous ovaries, especially of those with an exclusive luteoma, may become 
very considerable (Fig. 5 and 13). The greatest weight of the spleen with the 
ovary within was 5-8 g.; since the weight of the spleen of 10 animals of 640 to 
1040 g. body-weight was between 0-8 and 1-2 g., with an average of 0-9 g., the 
graft must have reached a weight of about 5 g. (Fig. 13 and 14). This is 50 to 
'00 times the weight of a normal ovary in the guinea-pig In other cases the 


2 
1 


216 R. IGLESIAS, E. MARDONES AND A. LIPSCHUTZ 


great size of the graft was due to Wolffian cysts (Fig. 18). (3) Tubular structures 
of Wolffian origin may be found in immediate contact with luteal tissue (Fig. 19) ; 
sometimes one doubts whether these structures are Wolffian or follicular (Fig. 2 
and 3). 


B. Invasive growth of luteoma. 


The graft is surrounded by a capsule of fibrous tissue of variable thickness. 
The germinal epithelium is absent, unless the ovary has been grafted together 
with the thin capsule by which the organ is normally covered ; the fibrous capsule 
of the graft is then, so to say, projected outside the ovary itself. 

In the present experiments of long duration luteal tissue located outside the 
thick fibrous capsule attracted attention. Finally, from 20 months onwards, 
all luteomata become invasive (Table I; Fig. 8 and 9). However, invasion may 
occur already at 10 months, but without reaching, seemingly, the same degree 
as in experiments of longer duration. 

Immediate contact of luteinized cells with the spleen is established through 
rupture of the capsule (Fig. 10 and 11).. The areas of luteal tissue in immediate 
contact with the spleen are sometimes so extensive (Fig. 8) that one cannot but 
admit that successive proliferation of extracapsular luteal tissue takes place. 

The large luteoma pictured in Fig. 13 and 14 (915 days) is of especial interest 
here. Two distinct parts can be easily recognized: one consisting of more or less 
compact luteal tissue surrounded by a fibrous capsule, the other consisting of 
loose luteal tissue. It would be difficult to explain the special aspect offered 
by this graft. The two bodies of luteal tissue are separated from one another 
by thick fibrous tissue in which there is a cleft (Fig. 15) resembling that which is 
observed when the ovary is grafted together with its normal capsule ; but the 
epithelium, or endothelium, covering this cleft at some places did not allow any 
definite statement as to its origin. However, there is the fact that the capsule may 
very exceptionally show a strange metaplastic transformation as in Fig. 20, 
a condition observed but once. Is it possible that the unique picture offered by 
Fig. 15—the graft divided into two halves—could be due to proliferation of 
capsular endothelium ? 

In several cases we found a zone of necrotic appearance between the fibrous 
capsule of the graft and the splenic tissue, possibly due to luteal tissue invading 
the spleen and undergoing necrosis after a period of more or less abundant pro- 
liferation. 

Rupture of the capsule is possibly not the only route by which invasion is 
affected. In Fig. 21 a small nodule of luteal tissue is seen outside the capsule. 
The picture is suggestive of luteal cells having migrated from the graft without 
rupturing the capsule. However, sections were not serial, and the nodule might 
have been but a part of a larger area of luteal tissue as in Fig. 12 where rupture 
of the capsule had occurred. 

A picture like Fig. 10 can easily be understood as a sequel of invasion of luteal 
cells into the splenic pulpa, which thus may become engorged by luteal tissue. 
In Fig. 23 what seems to be splenic tissue was found in the loose part of the ovarian 
stroma which corresponds to the hilus of the ovary. 

We have not seen metastases in our work in the guinea-pig. But it seems 
that they are a rare occurrence also in other species ; they have been reported in 
mice, but seemingly not in the rat. 
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As already stated at the beginning of this paper, the terms “luteal ’’ and 
“‘luteoma ”’ have been used because the cells of which the tissue in question 
is composed resemble those of corpora lutea. But Fig. 4, 9 and 10 show that 
there is a considerable variation of types of cells which can be found in these 
luteomata. It would have been possible to add many other striking graphic 
examples. The cytological problem deserves certainly greater attention than that 
given in our work ; however, our group is not competent in this special field. 


c. Wolffian elements. 


The growth of Wolffian elements is stimulated in the intrasplenic graft. There 
is formation of cysts in the ovarian hilus; the epithelium of the tubules may 
become ciliated ; fibro-adenomatous nodules comparable to, though not identical 
with, certain types of the Brenner tumour in women may be found. Various 
examples are given in Fig. 24 to 29 (Lipschutz, 1950, p. 224; Iglesias, Mardones, 
Bruzzone and Lipschutz, 1953). 


p. Experiments with transplantation of luteoma. 

Transplantation experiments were performed with 11 grafts aged 802 to 1092 
days. A piece of about 10 mm.3 of 5 grafts was transplanted into the spleen, 
and of 6 grafts into the brain, of a total of 35 animals. The transplants were 
examined 61 to 116 days later. 

Of an especial interest are the results with 4 grafts which were recognized as 
being luteoma belonging to the age Groups II and III (Table I), including an 
“exclusive ’’ luteoma. In none of the 16 animals with these transplants (12 intra- 
splenic, 4 intracerebral) was luteomatous tissue found. There was only a scar 
with necrotic tissue, possibly also some lutein cells with pyknotic nuclei. 

Results were negative also with the remaining transplants of grafts containing 
luteal cords, corpora lutea, or a fibro-adenomatous Wolffian nodule (“‘ Brenner ’’). 

It must be borne in mind that failure of transplants to take may be due to 
the fact that in the guinea-pig we are working so far with highly hybridized strains. 


DISCUSSION. 


In none of the 21 experiments of Table I was a structure similar to a granulosa- 
cell tumour of whatever type to be found. One may venture the idea that 
absence of granulosa-cell tumours might be explained by intervening luteinization 
of proliferated granulosa cells. Indeed, when luteinization is totally inhibited 
by the administration of progesterone a considerable part of the ovary is occupied 
by “follicular clusters”; but these clusters are very similar to small atretic 
follicles—they are composed of small cells originating seemingly from the theca 
(Iglesias, Lipschutz and Mardones, 1950). Thus the conclusion is reached that 
the luteoma of the intrasplenic ovarian graft in the castrated guinea-pig is not a 
luteinized granulosa-cell tumour but a tumour sui generis, invasive but probably 
not metastasizing, and originating through precocious luteinization preferably 
of theca cells and of cells of the stroma (Fig. 22), though luteinization of proli- 
ferated granulosa cells and incorporation of corpora lutea losing their indivi- 
duality (Fig. 6 and 15) may possibly also contribute to the production of the 
tumour. 
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As to the term “ luteoma”’ used throughout this paper we may refer to the 
best known summaries on ovarian tumours in women. In the human being there 
seems to be no such alternative as ‘ granulosa-cell tumour” or “ theca-cell 
tumour”’ versus “‘luteoma”’. Ewing (1940, p. 658) admits that a “ genuine ”’ 
luteoma arising from the adult cells of corpora lutea may occur; but he holds 
the opinion that marked luteinization may take place in granulosa-cell tumours, 
in such a way that “‘ many, if not most, of the luteomas are really granulosa-cell 
tumours”. And likewise theca-cell tumours may, thanks to luteinization, 
resemble “true’’ luteoma. The last-mentioned opinion is held also by Geist 
(1942, p. 295): “ the lutein-cell tumour, if it may be classed as a separate unity, 
probably represents a luteinization of a granulosa- or theca-cell tumour”. Accor- 
ding to Novak (1948, p. 458) “‘ the common source of luteoma is through luteini- 
zation of granulosa-cell or theca-cell tumours”. Again, Willis (1948, p. 496) makes 
the statement that “luteal cell structure ... is frequent in parts of granulosa- 
cell or theca-cell tumours, and is sometimes predominant, giving the tumour a 
bright yellow colour like a giant corpus luteum”. All authorities insist in the 
eventuality of luteinization of granulosa-cell tumours (Selye, 1946 ; Foot, 1948 ; 
Schiller, 1948 ; Moore, 1951). 

From the point of view of comparative pathology one may formulate the dif- 
ferences between guinea-pig on one hand, mouse and rat on the other hand, 
in the following two statements : first, there is, in the guinea-pig, under the given 
abnormal hypophyseal conditions, possibly a more pronounced tendency to 
proliferation of theca cells than of granulosa cells; and secondly, luteinization 
of theca cells and of cells of the stroma is, in the guinea-pig, more frequent and 
more prevalent than in the mouse, whereas the rat occupies an intermediate 
position between the other two species. 


SUMMARY. 


1. Experiments with intrasplenic ovarian autografts in castrated female 
guinea-pigs lasting up to 3 years are reported, and the evolution of luteomata in 
these grafts is discussed. 

2. The experimental luteoma of the guinea-pig is defined as a growth consi- 
sting of cords and nodules of luteinized cells of the stroma and of precociously 
luteinized cells of the theca of small follicles and in a minor degree possibly 
also of the granulosa, the masses of lutein cells occupying the greater part of 
the ovary. 

3. Incidence of similar luteomata is, at 10 to 36 months after transplantation, 
considerable and reaches about 60 per cent. 

4. In some cases follicles disappear and individual corpora lutea are lacking ; 
almost the whole ovary consists then of confluent cords and nodules of lutein 
cells (‘“‘ exclusive’ luteoma). Possibly individual corpora lutea, reaching an 
enormous size, lose their individuality and become incorporated into the luteoma. 

5. Such an “ exclusive” luteoma may reach a weight up to 50 to 100 times 
that of a normal ovary. 

6. The longer the experiment lasts the greater is the chance that luteal tissue 
will be found outside the fibrous capsule which surrounds the graft, in immediate 
contact with splenic tissue. 

7. The invasion of the spleen by luteal tissue takes place through rupture of 
the fibrous capsule, but possibly also without rupture. 
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8. There were no metastases. 

9. The luteoma did not survive when transplanted into the spleen or the 
brain of other castrated guinea-pigs. This may be due to the high degree of 
hybridization in our guinea-pigs. 
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EXPLANATION OF PLATES. 


Fie. 1.—Luteoma in intrasplenic ovarian graft ; 612 days (cxxxv.111). Individual corpora 
lutea and large irregularly shaped masses of luteinized cells. The cavity occupying almost 
the center belongs to a progesterone pellet (see ¢ in Table I). The cavity beneath is 
Wolffian. The smaller cavity to the right is the cystic part of a system of tubular structures 
probably Wolffian. x 5. 


Fic. 2,—Same animal as Fig. 1. Luteal bodies surrounding clefts. Irregularly shaped luteal 
masses to the right of the pellet cavity. x 15. 


Fie. 3.—Same animal as Fig. 1 and 2. Luteal masses surrounding the clefts at the upper right 
of Fig. 2. Between the cleft and the luteal masses, hyalinized tissue. The epithelium is 
rather Wolffian but this is not certain. x 70. 
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eS animal as Fig. 1. Luteal cells of different types. Tubular structure at the upper 
eft. x 300. 

Fie. 5.—‘‘ Exclusive ”’ luteoma in intrasplenic ovarian graft ; 612 days (exxxv.112). Indi- 
vidual corpora lutea are absent, the ovary consisting almost exclusively of a continuous 
mass of luteal cells. The whole graft was cut into serial sections and only one small 


Graafian follicle was found. 


‘Fic. 6.—Same animal as Fig. 5. Compare Fig.2. x 15. 


Fic. 7.—Same animal as Fig. 5. Luteal cells of which the graft is composed. x 70. 

Fic. 8.—Same animal as Fig. 5. Enormous mass of luteal cells in immediate contact with 
the spleen. x 70. 

Fic. 9.—Same animal as Fig. 5. Cords and nodules of luteal cells in immediate contact with 
the spleen. x 100. 

Fic. 10.—Same animal as Fig. 5. Luteal masses in immediate contact with spleen and 
engorging splenic tissue. x 70. 

Fic. 11.—Same animal as Fig. 5. Rupture of the fibrous capsule surrounding the graft. 
Luteal masses taking direct contact with spleen. x 70. 

Fic. 12.—This figure is the continuation of Fig. 11. Luteal cells between fibrous capsule 
and spleen. x 70. 

Fic. 13.—Intrasplenic ovarian graft transformed into “exclusive”’ luteoma; 915 days 
(CLI.43). Spleen with graft. Natural size. 

Fic. 14.—Same animal as Fig. 13. Section. Macrofoto. This luteoma differs from that 
of Fig. 5 in so far as the large luteal masses are separated from one another by thin fibrous 
trabecles. ‘‘ Exclusive lobulated luteoma”’ would probably be the best term for this type 
of luteoiia. Two different halves of the growth are easily distinguishable. The right one is 
seemingly compact, the left one is loose. x 3. 

Fic. 15.—Same animal as Fig. 13. The large cleft between the two halves of the growth is an 
artefact due to fixation but part of it is of capsular origin. x 3 

Fic. 16.—Luteal tissue of the “ loose ” half of Fig. 15. x 300. 

Fic. 17.—Luteal tissue of the “‘ compact ”’ half of Fig. 15. x 300. 

Fic. 18.—Large Wolffian cysts in intrasplenic ovarian graft; 1100 days (cxxxvi.194). No 
other ovarian structures. This animal was omitted from Table I on account of adhesions. 
x 3-5. 

Fic. 19.—Fibroadenomatous Wolffian nodule in intrasplenic ovarian graft in immediate 
contact with cords of luteal cells; 1092 days (cxxxvi.201). Individual corpora lutea ; 
nodules of luteal cells. Not counted as luteoma. Large cyst, probably follicular. x 15. 

Fig. 20—Intrasplenic ovarian graft; 305 days (exxvi.153). Not mentioned in Table I. 
Haemorrhagic follicles, right bottom corner. Cleft due to ovarian capsule. Large cells in 
immediate contact with spleen. x 70. 

Fic. 21.—Invasion of spleen by luteal masses of an intrasplenic ovarian graft with luteoma ; 
802 days (exxvi.A). x 70 

Fic. 22.—Luteoma in intrasplenic ovarian graft; 612 days (exxxv.114). Large masses of 
luteal cells and luteal cords in the loose oedematous ovarian stroma. x 70. 


Fic. 23.—Same animal as Fig. 22. Nodule of small cells in the stroma, probably from the 


spleen. x 70. 

Fic. 24.—Fibroadenomatous Wolffian nodule in intrasplenic ovarian graft with luteoma ; 
303 days (cxxvi.146). Not mentioned in Table I. The nodule is between the border of 
the ovary and the spleen ; it is surrounded by luteal tissue. To the left a cyst of Wolffian 


origin. x 15. 
Fic. 25.—Same animal as Fig. 24. The fibroadenomatous nodule at a higher magnification. 
The enlarged tubules are embedded in dense fibrous tissue. x 70. 


Fic. 26.—Small fibroadenomatous Wolffian nodule in intrasplenic ovarian graft with luteoma ; 
305 days (cxxvi.158). Not mentioned in Table I. The nodule protrudes from the ovarian 


stroma into the spleen. Dense fibrous tissue prevails. x 70. 

Fic. 27.—Same animal as Fig. 26. ‘‘ Walthard ” bodies (?) embedded in dense fibrous tissue 
probably undergoing hyalinization. x 300. 

Fic. 28.—Same animal as Fig. 22. ‘‘ Walthard ” bodies (?) of a fibroadenomatous Wolffian 
nodule present in this animal. x 300. 


Fic. 29.—Same as Fig. 28. x 300. 
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THE tumours which appear in the intrasplenic ovarian graft in castrated rats, 
mice, guinea-pigs or rabbits apparently are due to the uncontrolled gonadotrophic 
activity of the prehypophysis, the ovarian steroid hormones which normally 
control hypophysial activity being inactivated during their passage through the 
liver before reaching the general circulation (Iglesias, Mardones and Lipschutz, 
1953). The most striking proof in favour of this explanation is given by the 
administration of ovarian hormones. When oestrogen is administered the 
intrasplenic ovarian graft in the castrated guinea-pig offers the aspect of a normal 
ovary ; hemorrhagic follicles and irregular luteal cords or nodules so character- 
istic of the intrasplenic graft in the guinea-pig fail to appear and seemingly normal 
corpora lutea are present (Lipschutz, Iglesias, Bruzzone, Humérez and Peiiar- 
anda, 1948). On the other hand, corpora lutea, but also luteomata, are counter- 
acted when progesterone is administered for several months (Mardones, 1948 ; 
Iglesias, Lipschutz and Mardones, 1950; Mardones, Bruzzone, Iglesias and 
Lipschutz, 1951). In mice the ovarian tumours arising in intrasplenic grafts 
can be prevented when oestrogen or androgen is given (Li and Gardner, 1949). 

It seemed, at first sight, rather contradictory when it was found that inacti- 
vation of oestrogen under these experimental conditions was in general incomplete, 
as evidenced by the increase of the weight of the uterus and vagina (Bernstorf, 
1951), and that granulosa-cell tumours and luteomata may develop in the intra- 
splenic ovarian graft in castrated rats with persistent oestrus (4 cases described 
by Lacour, Oberling and Guérin, 1951). 

In the present paper the question is examined whether ovarian tumourigenesis 
in experiments of long duration in the guinea-pig presupposes suppression of 
oestrogenic action in the body. We shall be able to show (1) that this is not 
the case, and (2) that the hormonal imbalance from which ovarian tumouri- 
genesis under the given experimental conditions derives can, and must, be ex- 
pressed in quantitative terms. 

For the purpose of this study the secretory activity of 15 intrasplenic grafts, 
as listed in Table I of our previous paper (Iglesias, Mardones and Lipschutz, 
1953) has been checked by the histological examination of the vaginal mucosa, 
the uterus and the mammary glands. The material included 8 grafts with luteo- 
mata and 7 without luteomata. A series of 9 experiments is added in which 
after castration and intrasplenic grafting minute quantities of oestrogen were 
administered during 26 to 27 months. 

15 
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Secretory Activity of the Experimental Luteoma. 
A. “ Exclusive” luteoma. 

The relevance of the problem can best be exemplified by the condition as 
found in a case of exclusive luteoma, i.e., when Graafian follicles are absent or 
almost absent and the whole graft consists of luteal tissue without individual 
corpora lutea being present (Fig. 1). 

This luteoma, together with some others pictured in our previous paper, 
was one of the most convincing examples of an ovarian tumour induced in the 
guinea-pig by the method of intrasplenic grafting. The animal was necropsied 
997 days after castration and grafting. The nipples grew from 0-5 to 5 mm. 
in length. The mammary glands were as developed as in the second half of 
pregnancy ; the glandular acini were distended by secretion (Fig. 4). The vaginal 
mucosa was in the “ transitional ’ state: several layers of the proliferated basal 
epithelium with superposed layers of large vacuolized cells (Fig. 5). This condi- 
tion indicates oestrogenic action not completely counteracted by progesterone 
as in pregnancy. The uterine weight was 2-2 g.. ie., more than double that of 
the normal. There was a very pronounced cystic glandular hyperplasia of the 
endometrium with formation of polyps (Fig. 6); at different places there was 
mucous metaplasia of the endometrium or of the glands (Fig. 6 and 7). 

It is evident that both oestrogen (the condition of the mammary glands and 
of the uterus) and progesterone (the condition of the vaginal mucosa) reached the 
general circulation. But androgen also was circulating in the body, as evidenced 
by the growth of the corpora cavernosa of the clitoris and of the horny styles ; 
this kind of masculinization, known for a long time (Lipschutz, 1916, 1918) 
can nowadays be easily produced by the administration of various androgens. 
It would be idle to discuss whether the androgen was produced in this case by 
the adrenals or the luteomatous ovary, or in which part of the latter oestrogen 
and progesterone were produced. The microscopical picture of the luteoma 
makes it in any case very probable that it was in a state of active secretion (Fig. 
3). 

An escape of oestrogen into the general circulation as in the animal described, 
is not a necessary accompaniment of each exclusive luteoma, as shown by the 
fact that such an escape was absent in another animal in which the microscopical 
condition of the luteomatous tissue was identical with that of Fig. 2 and 3. In 
the animal here described in detail the escape was facilitated by adhesions between 
the spleen and abdominal wall. 

Our point is that the control of the gonadotrophic activity of the hypophysis 
was not completed, as shown by the presence of an haemorrhagic follicle (Fig. 1) 
and by the evolution of a luteoma so to say to the peak—though ovarian hormones 
were present in the general circulation, and though the quantity of circulating 
oestrogen was sufficient to produce vaginal, uterine and mammary development, 
and even an abnormal condition of the endometrium which presupposes protracted 


oestrogenic action. 


B. The condition of the vaginal and uterine mucosa in animals with and without 
luteoma. 

The findings as exemplified by the above description are fully corroborated 

by the results summarized in Table I. In no less than 5 out of the 8 animals 
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with luteoma the vaginal mucosa evidenced action of both progesterone and 
oestrogen (‘‘ pregnancy” and “ transitional”’; see for the latter Fig. 5). It 
was the same with the uterine mucosa. Indeed, the high columnar glandular 
epithelium as characteristic of oestrogenic action (Fig. 6 and 7) and even meta- 
plasia—which is obtained in the guinea-pig by the prolonged administration of 
small quantities of oestrogen (Lipschutz, Vargas, Jedlicky and Bellolio, 1940)— 
were present in 2 animals only. In the remaining 6 animals both the condition 
of the uterine epithelium and of the myometrium were as in castrated animals. 
There was, however, one notable feature in the uterus never found in castrated 
animals: the presence of numerous small glandular cysts lined with an epi- 
thelium poor in protoplasm. This condition denounces prolonged oestrogenic 
action at a level sufficient to produce cystic glandular hyperplasia ; but evidently 
this level was not maintained indefinitely (Lipschutz and Acufia, 1944; Lip- 
schutz, 1950, p. 203). The presence of ovarian hormones in the general cir- 
culation at a level allowing for the transformation of the vaginal mucosa and 
of the uterine epithelium, even with the production of cystic glandular hyper- 
plasia and metaplasia, was not concomitant with the control of the gonadotrophic 
activity of the hypophysis as evidenced by the appearance of haemorrhagic 
follicles. 

It was the same in the group without luteoma (Table I). 


TaBLE I.—Condition of the Vaginal and Uterine Mucosa in 15 Animals With or 
Without Luteoma 612 to 1093 lends after Intrasplenic Grafting. 


With Vv — Uterine mucosa. 


hae- A 
Group. Total. Cas- High Meta. Cystic. 

fol. tra. git; Ocst- tra asia. 

cles. tion. nancy*. onal**, *US- tion. ium. 
With luteoma . 8 . 3 . 3 3 2 0 " 6 2 2 3 
Without luteoma 7 . 4 ‘ 2 0 4 1 ‘ 6 l 0 2 


* Pregnancy = several layers of clear vacuolized epithelia. 

** Transition = several layers of proliferated cells of the basal epithelium beneath the vacu- 
olized layers as in Fig. 5, indicating oestrogenic action not completely counteracted by progesterone 
as in pregnancy. 


‘Whereas the above findings show that the ovarian hormones reaching the 
general circulation from the luteomatous or non-luteomatous intrasplenic graft 
fail to control the gonadotrophic activity of the hypophysis, they do not show 
that the hypophysis is freed from any control. As evidenced by various new 
observations, we must drop the idea held originally both by Biskind and by 
ourselves as to the gonadotrophic activity of the hypophysis in experiments 
with intrasplenic ovarian grafts in castrated females : contrary to what we thought 
before, the hypophysis is, under these experimental conditions, not identical to 
a castrate hypophysis. Thus, the content of gonadotrophic hormones in the 
hypophysis of animals with grafts is considerably less than in the castrate hypo- 
physis (Jungck, Heller and Nelson, 1947). Indeed this non-identity may be due 
to a difference, not of production, but only of release of gonadotrophins in cas- 
trated and grafted animals (Miller and Pfeiffer, 1950); but non-identity seems 
to be a fact. Castration cells are absent in the hypophysis of the grafted rat, in 
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any case in advanced stages of ovarian tumourigenesis (Lacour and Guérin, 


1951). 
However, as compared to a normal hypophysis, that of a castrated animal with 


an intrasplenic ovarian graft is functionally impaired. 


Differential Tumourigenic Threshold Concentrations of Oestrogen. 


The problem of differential levels of oestrogen by which control of the vaginal 
or uterine mucosa and of the hypophysial gonadotrophic activity is achieved 
is intimately related to the problem of the differential tumourigenic threshold 
concentrations of oestrogen. The latter problem has already been discussed 
elsewhere (Lipschutz, 1950, p. 45). Its relevance with reference to ovarian 
tumourigenesis due to an impairment of the gonadotrophic function of the hypo- 
physis is best exemplified by the description of an experiment in which the avail- 
able oestrogen was not only that occasionally escaping from the luteomatous or 
non-luteomatous graft, but also oestrogen administered, though in quantities not 
sufficient to obtain complete control of the hypophysis. 

It is known that quantities of oestrogen which are absorbed from a sub- 
cutaneously implanted pellet containing but 1 per cent of oestradiol and 99 per 
cent of cholesterol are not always sufficient, even when acting during 6 weeks, 
to suppress haemorrhagic follicles in the intrasplenic graft, though they may 
produce in the same animal abnormal increase of uterine weight, cystic glandular 
hyperplasia and polyposis (Barahona, Bruzzone and Lipschutz, 1950). How 
will the hypophysis behave when exposed to the action of these minute quantities 
of oestrogen in experiments lasting more than 2 years ? 

A group of 9 guinea-pigs was castrated and one ovary was grafted into the 
spleen ; sixteen days later a pellet of 23 to 30 mg. containing 1 per cent oestradiol 
was implanted subcutaneously. Necropsy was made 795 to 828 days after 
grafting. The graft was present in all the animals of the group. The size of the 
graft was variable ; in some animals it reached about 1 c.c., but in the majority 
of the animals it was smaller than that. Haemorrhagic follicles were found in 
7 out of 9 animals. There were large follicular cysts, large corpora lutea, nodules 
of luteal cells ; but in none of the 9 animals could the condition be considered 
as luteomatous, comparable to what has been described with ovarian grafts in 
experiments of a similarly long duration but without the continuous action of 
oestradiol (Iglesias, Mardones and Lipschutz, 1953). In some grafts Wolffian 
cysts of a variable size were found. In one animal, necropsied at 828 days after 
grafting, there was an adenofibroma of the Brenner type, about 1 mm. in dia- 
meter, dense fibrous tissue prevailing (Fig. 8 and 9). 

As evident from the above description the small quantities of oestradiol 
absorbed in the course of the experiment apparently exercised in time some control 
of the gonadotrophic activity of the hypophysis in such a way that no clear-cut 
luteoma appeared in this group. But the quantities absorbed were not sufficient 
for a complete control of this hypophysial activity : they were not able to reduce 
it to normality, as shown by the presence of haemorrhagic follicles in most of 
the animals of the group. 

There was in this group control of the vaginal mucosa and of uterine growth. 
In one animal the uterine weight was only 0-6 g.; but in the remaining animals 
a weight of 0-8 to 1-2 g. and in one case of 4 g. was reached. The uterine epi- 
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thelium was in several animals columnar; in many cases glandular cysts were 
present. Of an especial interest as to the uterine condition was the animal in 

which the uterine weight was highest when necropsied 828 days after grafting. 

A tumour several mm. in diameter was found on the parametrial border of the 
left uterine horn (Fig. 10). The tumour was a fibroid, or rather a desmoid, of 
the kind one finds in animals with the very prolonged action of oestrogen. With 
such small quantities of oestrogen fibroids have never been seen before even in 
experiments of long duration (Lipschutz, 1950, p. 44). One may venture that 
in the present case fibromatogenic action was due to the combined quantities of 
oestrogen both absorbed from the 1 per cent pellet and produced by the graft. 

There was in this animal also a cystic glandular hyperplasia with proliferation 
of glands and invasion of the myometrium ; the glands reached the thickened 
serosa ; many of these glands were distended ; some were in immediate contact 
with the desmoid described above (Fig. 10 to 13). Invasive proliferation of 
uterine glands induced by quantities of oestrogen so small as that absorbed from 
1 per cent pellets in experiments of long duration has been already described 
(Lipschutz, 1950). Indeed, with these 1 per cent pellets the incidence is not 
great ; in the present group of 9 animals it occurred but once. In another 
new experiment lasting 757 to 875 days, without intrasplenic ovarian grafts, it 
occurred likewise but once in a group of 10 animals. On the contrary in the 
former series already referred to the incidence was of 11 among 14 animals in 
experiments lasting 539 to 870 days. 

In the animal under discussion the vaginal mucosa was that of oestrus ; 
there were many layers of epithelial cells with partial cornification. Epithelial 
proliferation was probably atypical ; there were ingrowths into the submucosa, 
some with horny pearls (Fig. 15). The condition of the vaginal mucosa denotes 
that oestrogen was active till the end of the experiment, i.e., the 260 jg. of oestra- 
diol originally present in the implanted pellet of 26 mg. were not yet absorbed 
812 days later—a statement repeatedly made in this Department (Barahona, 
Bruzzone and Lipschutz, 1950; unpublished work of Iglesias and Mardones). 

The results here described leave no doubt that minute quantities of oestrogen, 
which when circulating continuously in the body for as long as 27 months are 
liable to elicit epithelial and conjunctive tumourigenesis, may fail to control the 
hypophysis, as evidenced by the presence of haemorrhagic follicles in the intra- 
splenic graft. We shall see in the next section that knowledge of the comparative 
tumourigenic threshold concentrations of oestrogen and of the level at which 
oestrogen controls the gonadotrophic function of the hypophysis apparently is 
fundamental for the true understanding of tumourigenesis due to hormonal 
imbalance. 


DISCUSSION. 


Our knowledge on tumourigenesis in ovarian intrasplenic grafts in the guinea- 
pig may be summarized in the scheme given in Table II. 

Ovarian tumourigenesis in the graft is produced when oestrogen is absent in 
the general circulation (Threshold 0); but ovarian tumourigenesis is elicited 
also when the quantity of oestrogen, compared to normality, is so diminished 
that complete control of the gonadotrophic function of the hypophysis cannot 
be achieved (Threshold 1), though this level of oestrogen allows for a considerable 
hyperplasia and metaplasia of the uterine epithelia, and for polyposis. At a 


= 
| 
‘ 


226 R. IGLESIAS, E. MARDONES AND A. LIPSCHUTZ 


I1.—Differential Thresholds of Oestrogen Concentration, Degrees of Hypo- 
physial Control and Experimental Tumourigenesis in the Guinea-pig. 


Intrasplenic 
Differ- Conjunc- 
ential tive ovarian graft. 
thresholds Uterine Cunscuss- nadotrophic Hae 
epithelia. function of morr- 
trogen of ab- h ele Lute- “ Bren- 
concentra- dominal oma. ner”. 
tion. serosa. — 
cles. 
+ 3. Invasive proli- . +  . Incomplete but . 0 + . 
| feration of ut- greater than at 
erine glands, Fig. 8-15 
2 =. Invasive proli- . 0 - Incomplete but . 0 + + 
| feration of ut- greater than at 
erine glands 1 
1 =. Cystie glandular . 0 None, orincom- . + + . Fig. 1-7. 
hyperplasia, plete 
} metaplasia, 
polyposis 
0 . Castrate é 0 . None - + + +. Table I, first 


column of 
vaginal 
mucosa.” 


higher level of oestrogen in the general circulation (Threshold 2) there may be 
invasive proliferation of the uterine glands ; the oestrogen concentration may be 
sufficient to control the gonadotrophic function of the hypophysis in so far as 
luteoma is absent. However, this does not mean complete control of the hypo- 
physis, since the Brenner type of tumour and haemorrhagic follicles may still be 
found in the graft. They may occur even at Level 3, which is as high as to allow 
exceptionally for conjunctive tumourigenesis (Fig. 10). 

Indeed, when referring to an impairment of the gonadotrophic function of 
the hypophysis due to a decrease of the level of oestrogen in the general circulation 
one simplifies matters very considerably. What is the normal sexual cycle is 
the outcome of an interplay of three gonadotrophic hormones—FSH, LH and 
LTH (LTH is the luteotrophic hormone, or prolactin) whose production and 
release are interfered with by two ovarian hormones, oestrogen and progesterone, 
and in this interplay besides the gonads and the hypophysis also the hypothalamus 
is implicated (Harris, 1950; Harris and Jacobsohn, 1952). These experimental 
data are a warning against the tendency to explain pathological conditions of 
the ovary in women by the failure of one hormone—as is so often done; and, 
on the other hand, these data must be borne in mind also when trying to explain 
experimental ovarian tumourigenesis induced by intrasplenic transplantation 
in castrated animals. The ovarian tumours under these experimental conditions 
result from an irregular interplay of no less than five hormones ! 

In castrated rats receiving daily injections of oestrogen during 45 days control 
of the gonadotrophic activity of the hypophysis can be achieved by quantities of 
oestrogen which are not yet sufficient to promote uterine growth (Byrnes, Meyer 
and Finerty, 1951; Greep and Jones, 1950). We are unable to explain why 
the hypophysis behaves in experiments with intrasplenic grafts in a manner so 
different’ from what has been observed in rats under the related experimental 
conditions. It is not a species difference ; what we have seen in guinea-pigs is 
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coincident with what other authorities have described in rats (Lacour, Oberling, 
and Guérin, 1951; Lacour and Guérin, 1951) and mice (Bernstorf, 1951). One 
may raise the question whether some irreversible hypophysial change takes 
place during those 2 to 3 weeks which are needed for the vascularisation of the 
graft and for recuperation of hormone production. 

We have referred above to the three gonadotrophic hormones of the hypo- 
physis. But the possibility must be considered that also the somatotrophic or 
some other hypophysial organotrophic hormone is partaking in establishing 
tumoural growth in the ovary ; this question has been discussed especially with 
reference to tumoural growth of Wolffian structures (Iglesias, Mardones, Bruzzone 
and Lipschutz, 1953). 

The statement that ovarian tumourigenesis does not presuppose a complete 
suppression of the steroid control of the hypophysis but is the outcome of an 
irregular interplay of ovarian and hypophysial hormones may at the first sight 
seem trivial and vague. However, not only is it in agreement with the experi- 
mental facts related in the present paper and summarized in Table II, but it 
opens also the way to a better understanding of certain experimental and spon- 
taneous types of tumourigenesis. 

Let us refer first to atypical and tumoural growth of the ovary and of the 
uterine epithelium as induced by “ ovarian fragmentation ” (Lipschutz, 1936a, 
1937, 1938; Moraté, 1941); and to tumoural growth outside the genital tract 
induced by the same method (Nadel, 1949; Ponse and Dovaz. 1950, 1951 ; 
Bruzzone, 1950). This kind of tumourigenesis has been attributed long since 
to an hormonal imbalance: there was an increased content of gonadotrophic 
hormones in the hypophysis (Lipschutz, 19365), there were follicular and luteic 
cysts, sometimes haemorrhagic ones, protracted oestrus and uterine bleeding but 
also masculinization of the clitoris (Lipschutz, 1937, 1938). The hormonal im- 
balance may last for as long as 3 years, and sometimes even more, without nor- 
mality being again attained. Whereas it was evident, almost from the beginning 
of this phase of our work, that the sequels of ovarian fragmentation, i.e., reducing 
the mass of two ovaries to a small ovarian fragment, or remnant, in situ, were 
due to an overthrow of the normal ovarian-hypophysial relationship, we were 
unable to understand why this hormonal imbalance is in some cases irreversibly 
maintained. Why the oestrogen produced by the ovarian fragment, and some- 
times even in quantities sufficient to produce epithelial or conjunctive tumori- 
genesis, fails in gaining control over the hypophysis ? And even still very re- 
cently we had to confess that “as to this we are to-day not more advanced than 
we were 12 years ago”’ (Lipschutz, 1950, p. 220). Nowadays one may tenta- 
tively suggest that ovarian fragmentation creates quantitative and timing con- 
ditions of oestrogen production which are still in the limits of threshold 3 of our 
Table II. This refers also to other kinds of operative interferences on the ovary 
(Lipschutz, 1950, pp. 191, 220; Bielschowsky and Hall, 19516, 1952). Blood 
follicles may appear occasionally in intrarenal grafts (Lipschutz, 1950, p. 178). 
Even neoplastic changes may occur, though only exceptionally, in a subcutane- 
ously grafted ovary (Bielschowsky, 1951a). 

Our results as summarized in Table IIT would also explain observations with 
suprarenal tumours induced in certain strains of mice by castration (Woolley, 
1949, 1950), the corticotrophic activity of the hypophysis being evidently freed 
from the control by ovarian hormones. Later on these tumours themselves 
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produce oestrogen by which mammary carcinoma is induced, but without the 
control of the corticotrophic activity being re-established. Indeed, our Table II 
does not consider the eventuality that the maintenance of the hormonal imbalance 
may be due also to the lack of other steroid hormones, besides oestrogen, and in 
the first place progesterone. 

Our results may be applied also to tumourigenesis in women in menopause. 
The urine in the menopause contains hypophysial gonadotrophic hormones ; 
but uterine fibroids begin to regress. As to these two phenomena, the condition 
may be compared to that taking place in the guinea-pig with the Threshold 2 in 
Table II: the oestrogen produced is not sufficient for a complete control of the 
hypophysis and for conjunctive tumourigenesis. However, the menopause is 
the preferential age for atypical and neoplastic growth of the uterine epithelia 
which can be elicited experimentally with Threshold 2 of oestrogen. Indeed, 


EXPLANATION OF PLATES. 


Fig. 1 to 7 are from the same animal ; see Fig. 1. 


Fie. 1.—* Exclusive "’ luteoma in intraspienic ovarian graft ; 997 days (CXXVI, 191). No 
individual corpora lutea. In this animal there was secretion both of oestrogen and androgen. 
An haemorrhagic follicle on the right. x 5. 


Fie. 2.—“* Compact ”’ luteal tissue at the periphery of the luteoma. x 285. 
. 3.—Central part of luteoma with “loose” luteal tissue. Signs of secretion. x 285. 
4.—Mammary gland. Acini with secretion. x 67. 
5.—Vaginal mucosa. Proliferation of basal layers indicating oestrogenic action. x 70. 


Fie. 6.—Uterus. Cystic glandular hyperplasia. Polyps. Metaplasia of glandular epi- 
thelium. x 15. 


Fic. 7.—The same as Fig. 6. Highly developed endometrium. Metaplasia. x 67. 


Fig. 8 to 15 are from the same animal ; see Fig. 8. 

Fic. 8.—Intrasplenic ovarian graft, non-luteomatous; 828 days after transplantation ; 
812 days of action of oestrogen absorbed from subcutaneous tablet containing but | per 
cent of oestradiol (CLI., 23!). Various corpora lutea and a haemorrhagic follicle. There 
were various other haemorrhagic follicles. Large Graafian follicle to the right. Large 
eystic Wolffian structure beneath. Fibroadenomatous nodule at |, partly contacting 
with the spleen. x 15. 


Fic. 9.—Detail of the fibroadenomatous nodule. Two tubular structures merging in fibrous 
tissue which prevails in this nodule. x 300. 


Fic. 10.—Uterine horn with fibroid on the side of the parametrium. Uterine cavity almost 
disappeared. Very pronounced cystic glandular hyperplasia. Penetration of glands into 
the irregularly hypertrophied myometrium. Cystic glands outside the uterus contacting 
with the fibroid. x 5. 


Fic. 11.—Uterine glands immediately beneath the thickened serosa ; one of the glands dis- 
tended. At * proliferation of the endothelium of the serosa. x 70. 


Fic. 12.—Group of crowded glands immediately beneath the somewhat thickened serosa. 
x 300. 


Fic. 13.—Distended glands in the myometrium, beneath the thickened serosa. x 70. 
Fic. 14.—Detail of Fig. 11; the glands at the extreme right. Several mitoses (?). x 300. 


Fie. 15.—Vaginal mucosa. Oestrus; cornification. Apparently disorderly proliferation 
of the epithelium. Horny pearls. x 70. 
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here again our scheme may be incomplete in so far as the controlling role of 
progesterone has not been considered. 


SUMMARY. 


Control of the gonadotrophic activity of the hypophysis was not achieved 
and evolution of luteoma in the intrasplenic graft of castrated guinea-pigs was 
not inhibited by an escape of oestrogen into the general circulation in quantities 
sufficient to produce proliferation and metaplasia of the uterine epithelium and 
polyposis. 

Evolution of luteoma in the intrasplenic graft apparently was inhibited in 
a series of animals to which oestrogen was administered through absorption from 
a subcutaneous pellet containing but 1 per cent of oestrogen. However, in time 
—27 months—such a pellet may induce an invasive proliferation of the uterine 
glands and, exceptionally, also a uterine fibroid. But even in these animals 
without luteoma entire control of the gonadotrophic activity of the hypophysis 
was not achieved, as evidenced by the presence of haemorrhagic follicles in most 
of the animals and of a fibroadenomatous nodule of the Brenner type in one of 
these animals. 

The variable occurrence of oestrogen-induced epithelial and conjunctive tum- 
ourigenesis of the genital tract, in animals in which the oestrogen fails to control 
hypophysial gonadotrophic activity paramount for protection against ovarian 
tumourigenesis, can be understood only in quantitative terms, as expressed in 
the concept of ‘‘ differential tumourigenic threshold concentrations of oestrogen ”’. 

The concept of differential tumourigenic threshold concentrations of oestrogen 
as based on experimental lines opens an understanding for the fact, so contra- 
dictory at first sight, that in women in menopause when uterine fibroids involute, 
atypical growth of uterine epithelia known to be dependent on oestrogen can still 
be stimulated. 
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AN apparent discrepancy exists between the multiplicity of experimental 
cancer cures which have appeared in the literature since homologous transmission 
of tumours was first demonstrated, and the difficulties encountered in the therapy 
of human cancer. Among the basic reasons for this are differences in the host- 
tumour relationship which presents a range of characteristics, from the com- 
pletely unstable heterologous relationship, where the host and tumour are of 
different strains, or even species, to the relatively stable situation, as with human 
or other autogenous tumours. Between these two extremes are the many, now 
widely used, homologous tumours displaying varying degrees of stability. The 
facile experimental cure, or spontaneous regression of a tumour followed by 
absolute immunity to further implants, is invariably a feature of the relatively 
unstable host-tumour relationship, and the less stable this relationship the more 
effective the “cure,” be it mechanical, chemical or radiological. Since this 
propitious situation rarely, if ever, occurs in humans bearing autogenous tumours, 
experimental investigation of an animal tumour can have at best only remote 
application to clinical cancer therapy unless it applies in the first instance to a 
stable host-tumour relationship. As a prerequisite to any such investigation, 
therefore, the following criteria for stability of the host-tumour relationship are 
considered indispensable : 

(1) There shall be unequivocal evidence of malignancy, characterised by 
progressive growth, invasion or metastasis, and death of the host. 

(2) The tumour shall be genetically compatible with the host, either having 
arisen spontaneously or been induced in the tissues of the animal being investi- 
gated, or be transmitted by implantation into a homologous animal closely 
related by inbreeding to the host in which the tumour first arose. 

(3) The tumour shall “take” in practically 100 per cent of recipients on 
implantation, and there shall be neither spontaneous regression nor regression 
induced by non-specific trauma or intoxication of the host. 

(4) On irradiation of the tumour in situ, the curative dose shall be of the same 
order of magnitude as that of human tumours (10° to 10* r). 

(5) Removal or destruction of the tumour in situ shall not evoke absolute 
resistance to further implants of the same tumour. 

Since both human and experimental animal tumours can be made to regress 
following exposure to ionising radiations, one of the more promising avenues of 
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research would appear to be the investigation of all factors affecting the radio- 
sensitivity of tumours. Although earlier work in this field has formulated certain 
fundamental principles (Krebs, 1929; Cramer, 1932; Crabtree and Cramer, 
1934 ; Sugiura, 1937; Sugiura and Cohen, 1939; Goldfeder, 1942), it has been 
largely limited by inaccurate dosage estimation or lack of suitable biologic 
materials. It is now possible for the radiobiologist to combine precise quantita- 
tive radiotherapy with a judicious choice of experimental hosts and tumours ; 
and it was with this in mind that a study of the radiobiology of the C3H mouse 
mammary adenocarcinoma was undertaken. The growth characteristics of this 
tumour, including data on its radiosensitivity, have been reported by Goldfeder 
(1950, 1951). Her dosage data are, however, associated with a large standard 
error, the coefficient of variation approaching 65 per cent for irradiation in situ, 
which can probably be ascribed to irregularities in absorption and scatter rather 
than to intrinsic variation among the animals. In the following experiments 
a more precise dosimetric technique, permitting the determination of median 
lethal doses within much narrower limits, is described, the eventual purpose of 
which is to detect and measure any changes in radiosensitivity that might be 
induced by an experimental] procedure. 


MATERIALS AND METHODS. 


Animals. 

Some preliminary studies were done on a C3H subline generously donated by 
Professor A. Haddow of the Chester Beatty Institute, London. This group even- 
tually succumbed to infection and died out. The mice used in this investigation 


are descendants of an original group of 30 C3H mice imported from the Roscoe B. 
Jackson Memorial Laboratory, Bar Harbor, Maine, and maintained on the 
standard laboratory chow diet with tap water ad libitum. The incidence of 
spontaneous mammary adenocarcinoma among females is high. For trans- 
mission, the tumour-bearing mouse was anaesthetised with intraperitoneal sodium 
pentobarbital (-06 mg. per g. body weight), the tumour removed aseptically 
minced with a fine scissors and inoculated subcutaneously into the axilla or 
flank of recipients of mixed sexes weighing 20 to 25 g. by means of a trocar and 
cannula. Although spontaneous tumours were frequently used for routine 
passage, only well-established homoplasts were transmitted to animals in the 
experimental groups. In general, on implantation of a fragment (about 1 mm.’ 
in size) a nodule becomes palpable (measuring about 4 mm.*) after a latent period 
of 7 to 15 days, and grows exponentially approximately doubling its volume 
every 4 to 5 days. 


Radiation factors. 

Physical conditions for these experiments were kept constant as far as possible 
throughout the investigation. The radiation was generated by a G.E. “ Maxi- 
mar ”’ self-rectified unit, at 240 kVp. with no added filters (the inherent filtration 
of the tube-head consisting of approximately 3 mm. oil and 1 mm. bakelite in 
addition to the glass envelope), giving a half-value layer of 0-34 mm. Cu. At an 
F.S.D. of 25 em. the dose rate was 500 r/min. (+ 3 per cent ) measured in air. 
Dose rates were measured in air with a secondary standard (Victoreen) dosemeter, 
and corrected for atmospheric density. When necessary, the back-scatter and 
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absorption factors relevant to this quality of radiation (obtained from Quimby 
and Laurence’s technical bulletin, 1940), were introduced. The atmospheric 
temperature and pressure in this laboratory (altitude 1800 metres) remained 
reasonably constant at 21 (+ 3)° C. and 625 (+ 5) mm. Hg, so that any change 
in radiosensitivity or biological effects possibly attributed to variation in oxygen 
tension could be evaluated if relevant differences were detected in other centres. 

For treatment in situ the mouse was anaesthetised with intraperitoneal 
sodium pentobarbital, the tumour retracted from the mouse’s body on to a wax 
slab by means of a haemostat grasping the overlying hair, and a 2 cm. diameter 
circular applicator applied directly over the tumour nodule (Fig. 1). The wax 
backing ensures that back-scatter remains constant even though the tumour 
only partially fills the treated field. In practice, absorption in the mass of these 
small tumours just about offsets the effect of back-scatter so that a negligible 


Wax » 
Lead 


Fic. 1.—Method of treating tumours in situ. The mouse’s body is completely 
protected by lead from scattered radiation. 


error is introduced by measuring tumour doses in terms of dose-rate in air. It has 
also been found necessary to screen the mouse during treatment from scattered 
radiation, which otherwise can deliver a body dose approaching 20 r/min. The 
2 mm. lead screens shown (Fig. 1) effectively reduce the body dose to less than 
2 r/min. (0-4 per cent of the tumour dose). Since, however, the volume of tumour 
treated averages about 500 mm.* (2 per cent of the body weight), there is an 
unavoidable systemic effect equivalent to a body dose of about 2 per cent of the 
given tumour dose, a quantity which may affect the resistance of the host. 

For irradiation prior to implantation, minced tumour fragments were placed 
in a welled plastic (methacrylate) slide recessed into a hard-wood block and 
covered with a thin plastic cover-slip sealed in place with low melting-point 
paraffin wax. The “ well” forms a circular cavity 18 mm. in diameter and 1 mm. 
in depth, with a rounded floor matching a concave isodose surface. When com- 
pletely filled with tissue fragments this arrangement provides full back-scatter 
for the field used, and avoids any heterogeneity due to variations in density or 
atomic number such as would be encountered with a glass slide. A 5 cm. field is 
centered over the tissue, which then receives almost completely homogeneous 
irradiation, including a back-scatter contribution of 20 per cent, at a dose rate of 
600 r/min. 
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Experimental design. 

Not less than three groups of 10 to 20 animals in each of the various experi- 
mental categories were treated with graded doses of radiation in the form of a 
geometric series, each successive group receiving a dose roughly 20 per cent 
greater than its predecessor. Within each experimental category the median 
effective dose (LD,.), and the variance among individual animals, were estimated 
graphically on the basis of a three-dose log-probit design (Fig. 2). The standard 
errors of the median and of the slope of the dosage-response line could then be 
obtained from the graph after the method of Litchfield and Fertig (1941). 
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Fic. 2.—Parallel dosage-response lines on log-probit co-ordinates showing (A) percentage 
regression v. dose for irradiation in vivo, and (B) percentage non-takes v. dose for irradiation 
of tumour before inoculation. 


RESULTS. 


In Table I the response of the C3H adenocarcinoma to treatment in situ at 
three dosage levels is shown. The tumour is relatively radioresistant, requiring 
doses of the order of 6000 r in one treatment to produce a significant number of 
regressions. This is essentially similar to Goldfeder’s findings (1951). With the 
technique described there were no marginal recurrences, and provided that the 
tumour was not close to the abdomen, no radiation sickness was observed, nor 
was there any immediate post-irradiation mortality. At these doses the skin 
of the mouse reacts briskly to the point of moist desquamation, but eventually 
heals, leaving a patch of white hair in the treated area. 


TaBLE I.—T'reatment of the C3H Adenocarcinoma in situ. 
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At the borderline ‘ sublethal ” dose of 5000 r some of the tumours regressed 
to small static nodules, which were still present and palpable several months 
after treatment. This phenomenon was previously observed in tumour-bearing 
animals by Cramer (1934). For the purpose of this study such nodules are 
categorised as persistent tumour, since a proportion of them eventually resumed 
growth, and all showed apparently viable cells on histological examination. 

Several autogenous tumours were also treated in situ, but are not tabulated. 
Their curability paralleled that of the homoplasts in that they could be eradicated 
with 7500 r and did not respond fully to 5000 r. However, certain difficulties 
arise in evaluating results in the case of autogenous tumours, since these mice 
are usually old and poor anaesthetic risks, the tumours are usually multiple and 
often fixed in inaccessible areas, and in many cases lung metastases are present 
at the time of treatment or develop shortly afterwards. 

The results of attenuation by irradiating the tumour prior to implantation 
are shown in Table II. It will be noted that a relatively small dose of radiation, 
about half that required to cure it in situ, will prevent the tumour from “ taking.”’ 


TaBLeE II.—Attenuation Doses of the C3H Mammary Carcinoma 
Prior to Implantation. 

Average “ Takes” 
latent on 
period. re-inocu- 
(days). lation. 

15/15 
35 
30 


This attenuation dose is higher than that reported by Goldfeder (1947) for 
the same tumour. The discrepancy is probably due to ionisation contributed 
by the glass slide in which her tumour fragments were irradiated, instead of the 
plastic used in this experiment. It is of interest to note that the effective dosage 
for some other strains of mouse mammary carcinomas irradiated prior to implanta- 
tion are of a similar magnitude (Lawrence, Horn and Strong, 1937; Reinhard, 
Goltz and Warner, 1952). Considering that their more heavily filtered radiation 
(HVL 1 mm. Cu.) has a relative biological efficiency of about four-fifths of that 
used in this experiment, the reported effective dosage of 3600 r is virtually 
identical with our findings. 

The results of both types of irradiation are analysed graphically in Fig. 2 
using the “ probit” method, from which it can be deduced that, in the case of 
treatment in situ (line A) the LD,» is 5700 (+ 140*) r, and for attenuation prior 
to implantation (line B) the LD,» is 2850 (+ 50*) r. It will be noted that the 
two dosage-response lines are apparently parallel, their slopes corresponding in 
both cases to a coefficient of variation of about 9 per cent. 

Attenuation of tumour homoplasts by X rays prior to implantation into 
animals was described as early as 1909 by Haaland. On occasion, this procedure 
was shown to induce a state in which the recipient became resistant to challenge 
with unirradiated implants of the same tumour, although rarely were adequately 
inbred strains immunised against homologous carcinoma (Hauschka, 1952). As 


* Standard error of median. 


L 
t 
if 
e 
e 
r 
=. " 


236 A. COHEN AND L. COHEN 


can be seen in Tables I and II, most animals cured of a previous tumour or found 
to be resistant to attenuated fragments were challenged with subsequent tumour 
implants. In contrast to Goldfeder’s (1950) findings, these re-inoculations 
“ took ” in all cases. 

The re-inoculated tumour nodules were then irradiated at three dosage levels, 
and the results show no significant difference in response between these tumours 


and those in control animals (Table III). 


TaBLE III.—Treatment of the C3H Adenocarcinoma in situ in Hosts Previously 
Cured of Tumour or Inoculated with Attenuated Fragments that did not ‘‘ Take.” 


Number Cures 
cured. 


Dose Number Previous treatment. oy 


(r). of mice. 
4 . Tumour cured with 6000 . 1 7 
r. Re-inoculated. 
5000 4 - Inoculated withfragment . 2 
attenuated at 3000 r 
that did not “ take.” 
Re-inoculated. 
Inoculated with fragment 
attenuated at 3000 r 
that did not “ take.” 
Re-inoculated. 
Tumour cured with 6000 . 
r. Re-inoculated. J 


Although 3 cures out of 8 mice treated with 5000 r appears to differ from 
expectation (p = -05), it must be borne in mind that this is a selected group of 


mice chosen from among those already cured and relatively resistant to attenuated 
tumour. It can be concluded, therefore, that the previous treatments did not 
significantly influence the subsequent behaviour of the tumour, there being no 
appreciable increase or decrease in radiosensitivity of the re-inoculated tumours 
as a result of the previous manipulations. It appears that the homologously 
transmitted C3H adenocarcinoma resembles autogenous human tumours in that 
neither will elicit obvious immunity by such facile procedures as X ray-induced 
regression in situ or injection of radiation-attenuated tumour fragments. 


SUMMARY. 


As a preliminary to an investigation into the role of the host-tumour relation- 
ship in determining the radiosensitivity of tumours, the response of the C3H 
mammary adenocarcinoma to X rays was measured by precise dosimetric 
techniques, and analysed by the probit method. The LD,, for the treatment of 
the tumour in situ was found to be 5700 (+ 140) r, and the LD,, for attenuation 
prior to implantation was 2850 (+ 50) r. Animals cured of tumour, and those 
resistant to radiation-attenuated implants, showed no resistance to a subsequent 
challenge with a second inoculum. 


All the necessary facilities for the isolation, breeding and maintenance of the 
inbred mice used in this investigation were most generously provided by Dr. 
J. F. Murray and Dr. J. H. 8. Gear, Deputy-Directors of the South African 
Institute for Medical Research, to whom we are deeply indebted. 
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RECENTLY various types of mouse and rat cancers have been established as 
ascites tumours by serial transplantation of the subcutaneous forms (Craigie, 
Lind, Hayward and Begg, 1951; Craigie, 1951; Goldie and Felix, 1951; Klein 
and Klein, 1951; Yoshida, 1949). In these “ tumours ”’ the cells are, as a rule, 
spherical, grow freely suspended in the peritoneal fluid of the animal and exhibit 
a characteristic growth curve. Observations by phase contrast microscopy on 
the living 8 37 ascites tumour cells, showed them to be highly refractile (Craigie, 
1952). The conversion of the cohesive subcutaneous tumour forms into a homo- 
genous suspension of free cells may be due either to a selective proliferation of a 
few round cells present in the solid tumour or to a gradual adaptation to their 
new environment of the original spindle or polymorphous cells typical of sar- 
comas. The main object of this work was to study by means of the tissue culture 
method and of grafts the relation of the two cell types and their viability. Two 
mouse ascites tumours were used for the experiments, the S 37 sarcoma and the 
T 2146 tumour which originated as a benzpyrene induced epithelioma but has 
since undergone sarcomatous transformation. Both these tumours were developed 
from the subcutaneous form by Dr. Craigie at the Imperial Cancer Research Fund 
Laboratories. 

The paper is divided into three parts : 

I. The morphology and growth-rate of ascites tumour cells in vivo. 

II. Observations on ascites tumour cells in tissue culture. 

III. A study of the behaviour of the cultures when grafted back into 
the animal. 


I, THE MORPHOLOGY AND GROWTH-RATE OF ASCITES TUMOUR CELLS 

in vivo. 

Methods. 
C3H mice were inoculated by Dr. Craigie with 0-2 ml. of undiluted S 37 or 
T 2146 ascites tumour fluid which had been kept frozen at— 79° C. and was 
thawed immediately before use. Tumour cells derived from one sample of fluid 
were used for all experiments. After a dose of 0-2 ml. the animals developed 
marked ascites and their survival period was approximately 10 days. No tumour 
nodules were present in the abdominal cavity. Smears of cell suspensions were 
obtained by withdrawing peritoneal fluid at daily intervals from 24 inoculated 
mice and staining either by the Feulgen method or that of Papanicolaou. The 
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mitotic rate was determined in such smears by counting all the resting and divid- 
ing cells present in several fields and was expressed as the percentage of the total 
count ; the number of abnormal cell divisions was assessed as the percentage of 
the total mitotic count. Usually 2000 cells were counted for each point on the 
graph. In the case of the S 37 sarcoma smears were also obtained from the 
abdominal organs in order to study the growth of tumour cells on their surfaces. 


Results. 


S 37 sarcoma.—In smears stained by the Feulgen method the tumour cells 
appear round with relatively large and hyperchromatic nuclei (Fig. 1). In pre- 
parations stained with Papanicolaou’s stain two zones can be distinguished in the 
cytoplasm, an inner, densely staining region and a peripheral lighter one. Mitotic 
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Fic. 2.—(a) Mitotic rate in 8 37 ascites tumour in vivo. (6) Abnormal mitosis as a percentage of 
total mitosis. 


counts (Fig. 2a) extending over a period of 9 days show a rise in the number of 
cell divisions to 6-7 per cent on the second day which is maintained up to day 4, 
after which it falls gradually to 2-5 per cent on the ninth day, i.e., towards the 
end of the growth period. Abnormal mitosis (Fig. 2b) accounts for one- to two- 
thirds of total mitosis. The abnormalities seen can be attributed to disturbances 
of the spindle mechanism combined with stickiness of the chromosomes. Often 
the spindle is absent and the chromosomes show no regular orientation, but are 
either distributed at random or frequently bunched together at one edge of the 
cell (Fig. 4, 5) and in the ‘latter case produce daughter-cells with sickle-shaped 
nuclei. Multipolar meta- and anaphases with and without chromosome bridges 
were often present (Fig. 6,7, 8). Frequently lack of anaphase separation and 
failure of cleavage after nuclear division lead to the formation of large multi- 
nucleate (Fig. 10) or polyploid mononucleate daughter cells (Fig. 9). Often the 
chromosomes form a ring in meta- and anaphase and daughter cells with ring- 
shaped nuclei result (Fig. 11). A certain proportion at least of the multinucleate 
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cells was viable since they undergo mitosis in which all the nuclei are simul- 
taneously in prophase or metaphase (Fig. 6). 

Smears obtained from the surface of the abdominal organs show the presence 
of actively growing tumour cells of a similar type. The mitotic rate (Fig. 12) is 
somewhat lower than that of the freely suspended cells ; in contrast to the latter 
it does not show any decline but rises near the end of the growth period (days 


Per cent mitosis 
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Fic. 12.—Mitotic rate in free and surface cells of S — tumour in vivo. ¥F = free cells. s = 
‘ace cel 
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Fic. 13.—(a) Mitotic rate in T 2146 ascites tumour cells in vivo. (b) Abnormal mitosis as percentage 
of total mitosis. 


5-7). Up to the fourth day the percentage of abnormal mitosis is of the same 
order as in the free tumour cells but subsequently it fails to increase as it does in 
the free cells. 

T 2146 ascites tumour.—These cells are morphologically similar to those of the 
S 37 tumour (Fig. 3), but the light peripheral area in the otherwise dense cyto- 
plasm is more conspicuous than in the 8 37 cells. Cell divisions are present at 
all stages of the growth period in vivo, but during the first 4 days following inocu- 
lation they are fewer in number than in the 8 37 tumour and their peak period 
occurs between the fifth and seventh day. After this time the characteristic fall 
in mitosis begins and reaches 3-6 per cent on the ninth day (Fig. 13a). Abnormal 
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mitosis is less frequent than in the S 37 tumour and amounts to 20-33 per cent of 
the total mitosis (Fig. 13b). The abnormalities show fragmentation, lagging and 
stickiness of chromosomes, often resulting in bridge formation in’ anaphase. Poly- 
ploidy is present but less marked than in the S 37 sarcoma and the cell size is less 
variable. Failure of cell cleavage was not observed. 


Il, OBSERVATIONS ON ASCITES TUMOUR CELLS IN TISSUE CULTURE. 
Methods. 


The cells used for tissue culture were obtained from 30 mice on the 7th or 8th 
day of the growth period in vivo. The whole of the ascites fluid was withdrawn 
and centrifuged at low speed for 3 minutes, which caused the heavier tumour cells 
to sink down while leucocytes and erythrocytes, if present, formed a top layer 
which could easily be removed with the supernatant fluid. The tumour cells 
were re-suspended in clear ascites fluid and this suspension explanted into hang- 
ing-drop preparations. The culture medium consisted of equal parts of fowl 
plasma, ascites fluid and chick embryo extract to which one drop of either 8 37 
or T 2146 tumour cell suspension was added. To ensure a uniform distribution 
of the cells in the medium the whole was well stirred before clotting. For histo- 
logical examination the cultures were fixed with Maximow’s fluid or methanol and 
stained with Ehrlich’s haematoxylin, May-Grunwald Giemsa or with Feulgen 
stain. 


fiesuits. 


Observations on the living cells by phase contrast microscopy immediately 
after explantation show free refractile cells of round shape only. Undulating 
movements can be discerned in the peripheral part of the cytoplasm. This 
picture, however, changes soon after incubation of both S 37 and T 2146 ascites 
tumour cells as the round cells undergo transformation to spindle forms. This 
transition occurs quickly, i.e., within 5-10 minutes, as shown in a ciné film taken 
by phase contrast microscopy. The transformation is initiated by loss of refrac- 
tility followed by amoeboid movements of the cells. The undulating movements 
of the peripheral cytoplasmic area become more rapid, spikes and blunt processes 
are pushed out and withdrawn in quick succession. Finally the cells elongate 
and assume pear and then spindle shape. For several hours after incubation the 
process may be reversed and spindle cells are seen to return to the round shape. 

Examination of the fixed and stained specimens confirms the observations 
made on the living cells and shows that the process of transformation continues 
for 24 hours after incubation. After one hour all the different stages in the develop- 
ment from round refractile cells to spindle forms are present in both tumour 
strains (Fig. 14); after four hours the spindle cells have considerably increased 
in number (Fig. 16). As incubation goes on more and more round cells undergo 
this change until after 24 hours the majority have become spindle shaped ; cells 
which by this time are still round usually remain unchanged. The spindle cells 
now form a network in contrast to the free round cells from which they were 
derived (Fig. 15, 17). Cell division is present in tissue culture but is found in the 
round cells only. This is indicated by the absence of early and late stages of 
division (prophase and telophase) among spindle cells; during meta- and ana- 
phase they would naturally be rounded in shape and indistinguishable from the 
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round cells proper. Mitosis becomes less frequent as more spindle cells develop. 
As in vivo, the proportion of abnormal mitosis is high in cultures of S 37 ascites 
tumour cells. Abnormal spindle formation (Fig. 18, 19, 20), failure of anaphase 
separation and cleavage, stickiness and clumping of chromosomes are common. 
A great number of multinucleate spindle cells showing from two to a dozen macro- 
and micronuclei can be seen in cultures incubated for 24 hours (Fig. 22-25). 
These obviously result from abnormal divisions before transformation, and show 
that abnormal mitosis does not interfere with the change from round to spindle 
cells. Cultures of T 1246 ascites tumour cells contain fewer abnormal divisions, 
which often appear as multipolar meta- and anaphases (Fig. 21). 

The fact that mitosis in tissue culture is confined to the round cells raises the 
question of whether the transformation to the spindle form has influenced the 
viability of the cells. The latter may represent a differentiated form which can 
no longer proliferate actively in contrast to the free round elements from which 
they are derived. 

To decide this question cultures of ascites tumour cells were inoculated sub- 
cutaneously into mice before and after 24 hours’ incubation, i.e., before and after 
establishment of the spindle forms. Any loss, partial or complete, of viability 
should be reflected in the number and size of tumours resulting from such grafts. 


III. BEHAVIOUR OF CULTURES OF ASCITES TUMOUR CELLS WHEN IMPLANTED in 
vivo AS ROUND OR SPINDLE FORMS. 


Methods. 


Suspensions of S 37 and T 2146 ascites tumour cells were explanted on small 
watchglasses in equal parts of ascites fluid, chick plasma and chick embryo 
extract. One batch of cultures was used for inoculation immediately after 
clotting, i.e., while the cells were still in the free and round state; the other 
batch was left in the incubator for 24 hours and grafted after transformation to 
spindle forms. The clots were cut into strips 2 « 4mm. in size containing approxi- 
mately 2000 cells, and these were inoculated subcutaneously into the flank of 
C3H mice 2-3 months old. One hundred and ninety-five grafts were made, 
i.e., 48-49 grafts of each tumour strain and cell type (Table 1). 


TaBLE I.—Results of Implantation of Cultures of Ascites Tumour Cells into Mice. 


Number of tumours. Average size of tumour in mm. 
37. T 2146, T 2146. 
inoculation. Round Spindle Round Spindle Round Spindle Round Spindle 
form. form. form. form. . form. form. form. form. 
7 days - 28/48 16/49 40/49 29/49 F 450 330 160 75 
« 45/48 47/49 45/49 39/49 1665 1330 1050 635 


Some of the animals were killed 5 hours, 1 day, 2 days, 4 and 7 days following 
inoculation, and the clots or the small tumours adhering to the skin fixed in 3 
per cent acetic Zenker and serially sectioned. The sections were stained with 
haematoxylin-eosin, with a modified Azan-stain and with Laidlaw’s silver stain 
for the demonstration of collagenous and reticulin fibres. The mitotic rate in 
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the grafts was determined by counting all the mitotic and resting cells present in 
several fields, and was expressed as the percentage of the total count. 


Results. 


S 37 round cell grafts.—The first tumours are palpable 5 days after inoculation, 
but the first stages of growth can be seen with the naked eye as early as 2 days 
following grafting. The growths consist of whitish plaques, not yet vascularized, 
adhering firmly to the dermis. Vascularisation begins, as a rule, on the second 
day and is established on the fourth day. 

Microscopically it was possible to follow the development of the tumours from 
5-hour grafts (Fig. 26, 30). In these early implants most tumour cells are still 
contained within the plasma clot but a few can be seen migrating away from it. 
The cells are still round and free and show a high rate of mitosis (10 per cent). 


— 
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Time in days 
Fic. 31.—Mitotic rate in S 37 round —— and spindle - - - cell grafts. 


The mitotic rate from 5 hours following grafting until 7 days is shown in Fig. 31 
(continuous line). One day after grafting lymphocytic infiltration sets in which 
destroys the plasma clot but does not interfere with the tumour cells, which are 
still round and lie scattered in the host tissue (Fig. 27). On the second day the 
number of tumour cells has considerably increased (Fig. 28). At the same time 
the implants become organised and two zones can now be distinguished : a central 
area in which the cells assume spindle shape and a peripheral region consisting 
of free round cells (Fig. 33). From this latter zone round cells emigrate continu- 
ously into the adjacent tissues. Mitosis is confined to the zone of round cells (Fig. 
32) and has fallen in number as compared with the earlier stages. The organisa- 
tion of the tumour continues and from the fourth day onwards the majority of 
cells are polymorphous or spindle-shaped (Fig. 29, 34) while a small peripheral 
area of free round cells remains from which the invasion of the surrounding tissues 
takes place. Cell division is now found among spindle as well as round cells and 
the rate of mitosis shows a gradual rise from this time onwards. 
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S 37 spindle cell grafts These tumours become palpable after about 6-7 days 
and are smaller than those derived from round cell grafts. Sections of five-hour 
grafts show that the majority of cells are elongated (Fig. 37). and that mitosis 
is only a third of that found in round cell grafts. After 24 hours the elongated 
cells revert to the round form but mitosis remains low until the fourth day (Fig. 
31, dotted line). From then on the sequence of events is similar to that described 


EXPLANATION OF PLATES. 

Fic. 1.—-S 37 ascites tumour cells. 3rd day of growth in vivo. Feulgen. x 400. 
Fic. 3.—T 2146 ascites tumour in vivo 7th day of growth in vivo. Papanicolaou. x 580. 
Fie. 4-8.—Abnormal mitotic cells. Feulgen. x 2000. 

Fic. 4.—Eccentric position of chromosomes. 

Fia. 5.—Polyploid mitosis with irregular arrangement of chromosomes. 

Fic. 6.—Diploid metaphase in binucleate cell. 

Fie. 7 and 8.—Polyploid anaphases with chromosome bridges. 


Fic. 9.—-Lobed nucleus before reconstruction illustrating failure of cell cleavage. Feulgen. 
x 2000. 


Fig. 10.—Multinucleate. cell. Feulgen. x 2000. 
Fic. 11.—Resting cell showing ring shaped nucleus. Feulgen. x 2000. 


Fic. 14.—S 37 ascites tumour cells in tissue culture after 1 hour’s incubation showing all stages 
in the transition to spindle forms. Giemsa. x 800. 

Fie. 15.—Similar culture after 24 hours’ incubation showing a network of spindle cells and a few 
unchanged round forms. Haematoxylin. x 400. 

Fie. 16.—T 2146 tumour cells in tissue culture after 3 hours’ incubation showing polymorph 
and spindle cells. Giemsa. x 580. 


Fic. 17.—Similar culture after 24 hours’ incubation showing spindle cells. Giemsa. x 580. 

Fics. 18-20.—Abnormal mitosis in cultures of S 37 ascites tumour. Haematoxylin. x 1300. 

Fie. 21.—Abnormal mitosis in culture of T 2146 ascites tumour. Giemsa. x 1700. 

Fic. — resting cells in cultures of S 37 ascites tumour. Haematoxylin. 
x 

Fic. 26.—S 37 subcutaneous graft 5 hours after inoculation. Haematoxylin-eosin. x 70. 

Fic. 27.—Similar graft after 24 hours’ growth. Haematoxylin-eosin. x 70. 

Fic. 28.—S 37 graft at 2 days’ growth. Haematoxylin-eosin. x 70. 


Fic. 29.—Similar graft at 4 days’ growth. Note the organised central part and peripheral zone 
of free cells. Haematoxylin-eosin. x 70. 


Fic. 30.—S 37 graft at 5 hours. Haematoxylin-eosin. x 540. 
Fic. 32.—-Mitosis in periphery of a 2-day graft. Haematoxylin-eosin. x 880. 


Fie. 33.—S 37 2-day graft showing beginning differentiation in centre and peripheral zone of 
round cells. Haematoxylin-eosin. x 485. 


Fic. —" 37 4-day graft showing differentiation of cells and mitosis. Haematoxylin-eosin. 
x 

Fic. 35.—S 37 5-hour round cell graft showing free round cells. Haematoxylin-eosin. x 485. 

Fic. 36.—T 2146 5-hour graft. Note early round cell infiltration. Haematoxylin-eosin. x 135. 

Fic. 37.—S 37 5-hour spindle cell graft showing elongated cells. Haematoxylin-eosin x 485. 

Fic. 38.—T 2146 2-day graft showing round cell infiltration. Haematoxylin-eosin. x 100. 

Fic. 40.—T 2146 round cell graft at 2 days’ growth. Laidlaw’s silver stain. x 230. 

Fie. 41.—T 2146 round cell graft at 7 days’ growth. Laidlaw’s silver stain. x 230. 

Fic. 42.—T 2146 spindle cell graft at 2 days’ growth. Note reticulin fibres. Laidlaw’s silver 
stain. x 230. 

Fic. 43.—T 2146 spindle cell grafts at 7 days. Note network of reticulin fibres. Laidlaw’s 
silver stain. x 230. 
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for the round cell grafts and, apart from the size, the microscopic and macro- 
scopic appearance of both types resemble each other closely. 

Examination of sections stained with the modified Azan stain and with 
Laidlaw’s silver stain show no significant differences between tumours derived 
from round and spindle grafts. In both, collagenous fibres are equally sparse 
and reticulin fibres absent. 

T 2146 round cell grafts.—The first tumours are recognisable macroscopically 
6 days after inoculation and are much smaller than the 8 37 grafts at the same time 
(Table I). The slower growth-rate may be due to the considerable vascular 
reaction induced by the tumour. Thus the first lymphocytic infiltration can be 
seen as early as 5 hours (Fig. 36) and becomes more marked on the second day. 
[t quickly reduces the original plasma clot to debris and interferes with the move- 
ment of the tumour cells. Two-day grafts (Fig. 38) consist, as a rule, of two parts : 
(a) a larger central area in which tumour cells are interspersed with round cells 
and fibroblasts ; often extravasation of blood is found in this region and the 
tumour cells are caught in the meshes of a newly formed fibrin network ; (b) a 
small peripheral area of free tumour cells. There is no attempt at structural 
differentiation at this stage as is seen in the S 37 grafts. After 7 days’ growth, 
however, the cells have become organised and the tumour consists of strands of 
polymorph or spindle cells surrounded by a peripheral zone of free round cells. 
The mitotic rate is high in 5-hour grafts (7-5 per cent) (Fig. 39, continuous line), 
but then drops to 2-3 per cent after 2 days. It occurs among the peripheral free 
cells and is usually absent in the central part of the grafts. From 4 days onwards 
the mitotic rate rises until it reaches 8 per cent on the seventh day of growth, 
when both parts, the inner organised as well as the peripheral zone, show dividing 
cells. 

T 2146 spindle cell grafts—The first macroscopic appearance of the tumour 
is observed on day 7. In 5-hour grafts the cells are elongated, but return to the 
round shape the next day. Mitosis is scarce and represents only half of that 


Per cent mitosis 


Time in days 
Fic. 39.—Mitotic rate in T 2146 round —— and spindle - - - cell grafts. 


seen in round cell grafts at the same period (Fig. 39, dotted line). Otherwise, 
spindle cell grafts develop in qualitatively the same manner as those derived from 
round cells and provoke a similar vascular reaction. Sections stained with the 
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modified Azan stain show a scarcity of collagenous fibres in both types of tumours 
alike, but there is a significant difference as regards the presence of reticulin fibres. 
Thus in two-day grafts a number of reticulin fibres is clearly visible in spindle 
cell grafts but totally absent in round cell grafts (Fig. 40, 42). This difference is 
considerably more marked 7 days after incoculation, when grafts derived from 
spindle cells show a beautiful network of well-developed reticulin fibres while in 
“round cell” tumours a few thin fibres are formed which do not join up (Fig. 


41, 43). 


Comparison of spindle cell with round cell grafts. 

Table I gives the number of detectable S 37 and T 2146 tumours and their 
average size in mm.3 after 7 days and 2 weeks following inoculation. After 7 
days the S 37 tumour shows 28 tumours out of 48 round cell grafts as compared 
with 16 out of 49 spindle cell grafts and the latter are smaller. A week later the 
number of § 37 tumours is almost equal for both groups, but the average size is 
still slightly smaller for tumours obtained from spindle cell grafts. 

The number of T 2146 tumours at 7 days is also significantly smaller for the 
spindle cell group—28 out of 49 grafts against 40 out of 49 and their size is half 
that of the round cell tumours. After a fortnight the number of “ spindle cell ” 
tumours has increased but, with two regressions, is still below that of the round 
cell tumours while their size is much smaller. 

In some cases development of ascites was observed in animals bearing the 
subcutaneous tumours, and examination of the fluid revealed the presence of free 
round cells of high refractility typical of ascites tumours. The post mortem in 
these cases showed a penetration of the subcutaneous growth through the muscles 
into the abdominal cavity where presumably the spindle cells became changed to 


round forms. 


DISCUSSION. 


Explantation of the refractile round cells in tissue culture into a semi-solid 
medium is followed by loss of refractility and transformation to spindle forms. 
This result shows that the free round form which has been gradually developed 
during prolonged serial transplantations of the solid S 37 and T 2146 tumours 
is not a fixed state but that, depending on the environment, the cells are still 
capable of reverting to their original form. Furthermore, it indicates that the 
establishment of these ascites tumour is due to adaptation rather than to selec- 
tion. The “ fluid ’ state of the cells is well illustrated by observations on tissue 
cultures, where newly formed spindle cells often return to the round shape before 
finally settling down as spindle elements. Additional evidence for the bimor- 
phism of the cells and for the influence of the environment on the morphological 
state is the behaviour of the solid sarcomas derived from the ascites form, which 
on penetrating into the abdominal cavity revert to the typical ascites tumour 
form. 
The question arises whether the morphological alteration is associated with a 
physiological change. Goldie and Felix (1951) demonstrated an increased growth 
potential of the S 37 ascites tumour as compared with that of the subcutaneous 
form. In the tissue culture experiments the absence of mitosis among spindle 
cells suggests that their viability may be similarly decreased or lost and that they 
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represent a differentiated non-viable form. The delay in the appearance of 
tumours derived from spindle cell grafts, their smaller size and the lowered mitotic 
rate seen in 5-hour grafts show, however, that though viable they are less active 
than the round forms. The presence of well-developed reticulin fibres in T 2146 
tumours derived from spindle cells demonstrates their greater ability to differen- 
tiate. 

Dean (oral communication) raised the question whether the tumours obtained 
from spindle cell grafts may not be due exclusively to unchanged round forms. 
This possibility, however, can be ruled out. The number of unchanged round 
forms is very small at the time of implantation, and had they been the only 
source of growth the tumours would have appeared considerably later. More- 
over, observations made on the early stages of tumour growth during which the 
round elements transform to mitosing spindle célls illustrate the viability of the 
latter. 

The transformation seen in vitro is repeated in grafts in vivo. Thus in 2-day 
round cell grafts the centrally placed cells assume spindle shape and form a net- 
work. This central area does not show any cell divisions, which, at this stage, 
are confined to the peripheral zone of free round cells. At 4 days’ growth, how- 
ever, coinciding with the vascularisation of the grafts, mitosis appears in the 
organised part of the tumour, which in the meantime has greatly increased in 
size, both absolutely and relative to the numbers of free round cells present. The 
appearance of mitosis in spindle cells seems bound up with the establishment of 
the blood circulation, while cell division in round cells is independent of it. This 
points to a greater autonomy of the latter acquired during adaptation from the 
subcutaneous tumour forms. It is hoped to elucidate this problem by studying 
the metabolism of both cell forms by means of labelled compounds. 

The different behaviour of the two cell forms studied may be defined as 
“modulation ” (Weiss, 1949). This term implies a reversible change in one cell 
type as response to a different environment in contrast to true differentiation 
which is irreversible. 

The mitotic rate determined in smears of 8 37 and T 2146 ascites tumours 
rises to a peak of nearly 7 per cent of the total count followed by a decline of 
mitotic activity. In contrast to this finding is the maintenance of the mitotic 
rate in tumour cells adhering to the surface of the abdominal organs ; this is 
probably related to and dependent on their vascularisation by these organs. 
Although no solid growths could be detected at the death of the mice it is probable 
that the cells would have given rise to them had the animals lived longer. The 
difference in the behaviour of free and surface cells suggests that the regression 
seen in the former is due to overcrowding and exhaustion of oxygen supplies. 

The mitotic curve obtained for the frozen S 37 tumour does not show any 
initial lag period as that found by Goldie and Felix (1951), who used the tumour in 
the fresh state but is otherwise in good agreement with it. This fact indicates 
that the viability of the frozen cells was unimpaired by freezing. 

Similarly the great number of abnormal cell divisions observed is not due to 
damage by freezing but seems an inherent feature of the S 37 sarcoma, both the 
solid and the ascites tumour form. Absence of the spindle during mitosis and 
polyploidy have been described for the solid form by Ludford (1930) and Diller 
(1952) and polyploidy for the ascites tumour form by Hauschka (1952). In the 
S 37 ascites tumour lack of anaphase separation and failure of cell cleavage after 


1 

e 

e 
lf 

” 

d 

1e 4 

in 

eS 

to 

id 
ed 

ITS 

‘ill 
he 
ue 
ore 

or- 

cal 

ich 
yur 
ha 

wth 

ous 

dle 

hey 


248 ILSE LASNITZKI 


mitotic division seem responsible for the production of multinucleate or mono- 
nucleate polyploid daughter cells which remain viable. It is possible thai the 
polyploidy is also associated with an increased amount of R.N.A. as found by 
Leuchtenberger, Klein and Klein (1952) for the Ehrlich ascites tumour, which 
shows a high proportion of tetraploid mitotic figures (Hauschka and Levan, 1952). 

The inflammatory reaction caused by the tumour grafts is equal for round and 
spindle cell grafts alike but varies with the tumour strain. This excludes the 
possibility that it may have been due to the plasma clot. It is much more 
marked in grafts of the T 2146 tumour, and thus probably responsible for the 
delay in growth seen in this tumour as compared with that of the S 37 sarcoma. 

The mitotic curves obtained from both types of tumours during the first week 
following inoculation (Fig. 31, 39) are interesting since they reflect the dependence 
of cell proliferation on vascularisation. Apart from the initial high peak in round 
cell grafts, mitosis is low in both tumour strains and types until the fourth day 
and from then onwards rises—coinciding with the establishment of vascu- 
larisation—until cn the seventh day it reaches the values usually found in 
young parts of the subcutaneous tumours. 


SUMMARY AND CONCLUSIONS. 


The morphology and growth rate of frozen S 37 and T 2146 ascites tumour cells 
in the abdominal cavity of the C3H mice was studied. In smears obtained at daily 
intervals the cells appear round with relatively large and hyperchromatic nuclei 
and vary in size. Determination of the mitotic index over a period of 9 days 
shows a rise in the number of dividing cells to a peak of 6-7 per cent on the second 
day in the S 37 and on the fifth day in the T 2146 tumour, followed in both tumours 
by a decrease at the end of the growth period. 

Abnormal mitosis is frequent, and amounts from } to 3 of total mitosis in 
the S 37 sarcoma and from } to } in the T 2146 tumour. It is due mainly to 
spindle disturbances and failure of cell cleavage after mitotic division leading to 
polyploidy. 

Explantation of ascites tumour cell suspensions in tissue culture is followed in 
both tumour strains by the transformation of the free round forms to spindle 
cells shortly after incubation ; after 24 hours the majority of free round forms 
have changed to spindle cells, which form a network. Cell division in tissue 
culture is found in round forms but is absent in spindle cells. 

To test the viability of the spindle cells, cultures of 8 37 and T 2146 cell sus- 
pensions were inoculated subcutaneously into C3H mice before and after estab- 
lishment of the spindle forms. The development of the implants can be followed 
from an early stage, and is described from 5 hours after inoculation until the fourth 
day of growth. Grafts derived from spindle cells showed a lower mitotic rate 
after 5 hours in vivo, a significant delay in the appearance of tumours, and were 
of smaller size as compared with tumours obtained from round cells. T 2146 
tumours derived from spindle cells show a conspicuous network of reticulin fibres 
which is absent in tumours obtained from round cells. 

It is concluded that the ascites tumour form of the two sarcomas investigated 
is not a fixed state but a reversible adaptation to the new environment (modulation, 
Weiss, 1949); and that the spindle cell, although viable, represents the more 
differentiated element in contrast to the more active round form. 
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The influence of the inflammatory reaction and vascularisation on mitosis and 
growth rate in such early grafts is demonstrated. 


I wish to record my great indebtedness to Dr. J. Craigie, F.R.S., for the gene- 
rous supply of S 37 and T 2146 ascites tumours and C3H stock mice used in these 
experiments as well as for his continued interest in the progress of the investi- 
gation. I should also like to thank Dr. Honor B. Fell, F.R.S., and Dr. F. G. 
Spear for advice and criticism in the preparation of the manuscript, and Mr. G. 
Lenney for the graphs and microphotographs. 
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THE method, based on mechanical break-up of cells in a suitable medium 
and followed by separation of the various cell components by means of differential 
centrifugation, is now extensively used in the study of the distribution of enzymes 
within cells. In this way the distribution of succinoxidase, among other enzymes, 
has extensively been studied in some normal and malignant tissues by Hogeboom, 
Claude and Hotchkiss (1946), Schneider (1946a), Hogeboom, Schneider and 
Pallade (1948), Schneider, Claude and Hogeboom (1948), and Schneider and Hoge- 
boom (1950a, 19506). 

In connection with these studies experiments were undertaken to ascertain 
whether any differences in succinoxidase activity exist between normal and malig- 
nant mammary tissues of high- and low-breast-cancer-strain mice. 


EXPERIMENTAL. 
Material. 

Spontaneous mammary tumours of high-breast-cancer strains were taken 
from mice of Strong A, C3H and RIII strains. Tumours from mice of all three 
strains were pooled for each experiment. In a single experiment the number 
of animals used varied from 3 to 16. Necrotic tissue was removed as far as pos- 
sible from each tumour. RIIIb strain transplantable mammary carcinoma was 
used as a low-cancer-strain tumour. This tumour originated as a spontaneous 
carcinoma which developed in a breeding female of RIIT strain, deprived of the 
milk factor by foster nursing by a C57 low-cancer-strain mother. Lactating 
mammary glands were obtained by sacrificing the mothers of 7- to 14-day-old 
litters and were taken from RIII and Strong A high-cancer and RIITb low-cancer- 
strain mice. For purposes of comparison mouse liver was taken from all strains 
indiscriminately, and rat liver from Wistar strain rats. 


Methods. 

The method of fractionation employed started with mechanical rupture of 
the cells by means of a mechanically driven Potter-Elvehjem glass homogeniser 
(Potter and Elvehjem, 1936). After a preliminary mincing with scissors, the 
tissues were homogenised in a volume of 0-25 m sucrose equal to 9 times the weight 
of tissue. Isotonic sucrose solution was chosen in preference to hypertonic 
solution, because it was found to prevent agglutination of microsomes (Hogeboom, 
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Schneider, and Pallade, 1948), shorten the time of fractionation compared with 
that taken with tissues homogenised in hypertonic sucrose solutions, and at the 
same time make no appreciable difference to the distribution of enzymes in the 
different fractions of cells (Schneider and Hogeboom, 1950a). In order to deal 
easily with rather large quantities of tissue, larger glass homogenisers than usual 
were used, capable of holding 50 ml. of homogenate. They were made by Messrs. 
R. Cuthbert Ltd., Huddersfield, whose valuable co-operation is gratefully acknow- 
iedged. On some occasions as much as 10 g. of tissue was homogenised in a total 
volume of 50 ml., more sucrose being added later to dilute the homogenate to 
a final concentration of 10 per cent. This, as was shown by direct comparison, 
had no effect on subsequent fractionation. It was found in preliminary experi- 
ments that maximal liberation of cytoplasmic proteins into the supernatant fluid 
was achieved by homogenisation lasting for 1 to 2 minutes. 

The separation of the cell components was carried out by means of differential 
centrifugation at a temperature of 2° to 4° C. in a “ Spinco ” (Specialised Instru- 
ments Corporation, Belmont, California) Model E ultracentrifuge, except for the 
preliminary removal of nuclei, unbroken cells, debris, etc., which was carried out 
in an ordinary low-speed centrifuge. The centrifugal procedure with some modi- 
fications was based on those, originally described by Claude (1943, 1946) and 
developed by Hogeboom, Claude, and Hotchkiss (1946), Hogeboom, Schneider, 
and Pallade (1948), Schneider (19466). In some of the later experiments it was 
based on that of Schneider and Hogeboom (1950a). As can be seen in Table I, 


TaBLeE I.—Centrifugation Procedure. 


Homogenate 2500 g.—2 min. 
(3750 r.p.m.) 
| 


| 
Nuclei—debris Homogenate,” 
(discarded) 5000 x g.—10 min. 
r.p.m.) 


| 
Mitochondria, Supernatant, 
washed (twice) 15,000 x g.—20 min. 
(13,410 r.p.m.) 
| 


Large microsomes, 
washed (twice) 130,000 x g.—60 min. 
| r.p.m.) 


Small microsomes, Final supernatant 


washed (twice) 


the “ submicroscopic ” fraction of Schneider and collaborators was subdivided 
into “ large” or faster sedimenting and “small” or slower sedimenting micro- 
somes. . 

The morphology of each fraction was examined in smears fixed and stained 
according to Altmann’s method with acid anilin fuchsin. 

Total protein in each fraction was estimated calorimetrically by the biuret 
reaction according to the method of Robinson and Hogden (1940). The succin- 
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oxidase activity of each fraction was determined by the method described by 
Umbreit, Burris and Stauffer (1945) and the results expressed as QO, (N). The 
total quantity of the enzyme in each fraction was calculated, and expressed as 
a percentage of that in the homogenate (“ homogenate ” for the purposes of the 
present study will be taken as the supernatant remaining after the removal of 
nuclei and cell debris). 


RESULTS. 


The distribution of succinoxidase among the various fractions of normal lactating 
mammary gland tissue of mice from both high- and low-breast-cancer strains 
was found to be different from that observed in liver of mice and rats (Table IT). 


II.—Total Succinoxidase Distribution. 
Type of tissue. 


Lactating breast. 
= 


Mouse r 
Fraction. . liver. High- Low- 
cancer-strain. cancer-strain. 


Mitochondria 92 89 
(73-120)* (67-116) 


Large microsomes 1-3 2 
(0-8-1-4) (1-5) (7-15) 


Small microsomes 0-3 0-5 


5 
(0-1-0-6) 2-1-0) (3-8) 


Yield ‘ ‘ ‘ . 94 92 . 74 
(75-121) (73-118) (66-90) 
Number of experiments é 6 4 : 3 
* The figures in parentheses indicate the range of values. 


The enzyme was found to be concentrated in the mitochondrial fraction of rat and 
mouse liver, as already reported by Hogeboom, Claude and Hotchkiss (1946), 
Hogeboom, Schneider and Pallade (1948) and Schneider and Hogeboom (1950a) 
on rat liver and by Schneider and Hogeboom (1950) on mouse liver. A concen- 
tration of the enzyme in this fraction was also found in normal lactating breast 
tissue of high- and low-cancer-strain mice. While the microsomal fractions of 
rat and mouse liver showed only a small amount of the enzyme, the same fractions 
of breast tissue revealed an appreciable quantity of it. 

In order to establish that this activity was a true property of these fractions, 
on some occasions the activity was determined after washing and was found to 
be unaltered. 

These results expressed as specific activity of the enzyme in the respective 
fractions are shown in Table III. As can be seen in Tables II and III, there was 
no difference in the total amount of activity or in the specific activity of the 
corresponding fractions of normal lactating mammary gland tissue between high- 
and low-cancer-strain mice. 
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TaBLeE III.—Specific Activity in Terms of QO,. 
Type of tissue. 
Lactating breast. 
Rat Mouse r A___ 
Fraction. liver. liver. High- Low- 
cancer-strain. cancer-strain. 
453 550 ‘ 188 266 
(230-760)* (415-770) (178-200) 


1708 1930 ‘ 573 850 
(725-2350) (1490-2480) (315-920) 


Homogenate 


Mitochondria 


113 157 334 
(35-270) (81-275) (170-544) 


Large microsomes 

Small microsomes 23 37 118 
(6-53) (12-60) (74-187) 


Number of experiments 6 3 
* The figures in parentheses indicate the range of values. 


Comparison of the distribution and of the activity of succinoxidase in the 
various fractions from normal and malignant mammary cells of high- and low- 
breast-cancer-strains of mice is shown in Tables IV and V. No difference was 


TaBLE IV.—Total Succinoxidase Distribution. 
Type of tissue. 


High-cancer-strains. Low-cancer-strains. 


Fraction. 


Homogenate 
Mitochondria 


Large microsomes 


Yield ; 73 
(66-90) (42-97) 


Number of experiments . 3 15 . 1 
* The figures in parentheses indicate the range of values. 


observed between normal and malignant breast tissues in either the high- or the 
low-cancer-strain mice. Similarly, no difference was found between mammary 
tumour tissues from the high- and low-cancer-strains examined. As can be seen 
from Tables IV and V as well as Tables II and III, removal of all particulate 
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components sedimentable at 130,000 times gravity after 90 minutes resulted in 
complete removal of demonstrable activity in all tissues. 

Comparison of results with MSE type and Potter-Elvehjen homogenisers 
suggested that the activity of microsomes, especially the faster sedimenting, 
might be due to fragmented mitochondria, which would sediment with the smaller 


TaBLeE V.—Specific Activity in Terms of QO,. 


Type of tissue. 

High-cancer-strains. Low-cancer-strains. 

Fraction. ‘Lactating Breast _—_Lactating Breast 
breast. tumour. Breast tumour. 

Homogenate 188 148 266 153 
(178-200)* (78-292) (138-167) 

Mitochondria. 573 862 850 582 
(315-920) (191-1500) . (520-644) 

Large microsomes 334 291 ° 174 303 
(170-544) (39-965) (300-305) 


52 
(45-59) 


118 
(74-187) 


0 


Number of experiments 3 15 ° 1 2 
* The figures in parentheses indicate the range of values. 


Small microsomes 54 
(14-113) 


0 


Supernatant 


fractions and would be expected to possess the same QO, as whole mitochondria. 
This expectation was based on the findings of Hogeboom and Schneider (1950) 
on the ultrasonic disintegration of rat liver mitochondria. Since the same distri- 
bution of enzyme in rat and mouse liver was observed in the present experiments 
as that reported by other workers, this explanation could be correct only if mito- 
chondria of mouse mammary tissue, both normal and malignant, were more 
easily broken during homogenisation than those from liver. . 

Mitochondria were therefore separated from rat liver and from normal and 
malignant mammary tissue of mice and suspended in 0-25 m sucrose solution at 
a concentration of the order of 5 mg. protein per 1 ml. These suspensions of 
isolated mitochondria were then treated in the Potter-Elvehjen homogeniser for 
5 minutes under identical conditions, and fractionated into mitochondrial, large, 
and small microsomal fractions. Determination of the specific activity of the 
respective fractions in terms of their QO, values showed that fragments of mito- 
chondria were not devoid of enzyme action (Table VI). The QO, values of the 
large and small microsomal fractions recovered from the fragmented mitochondria 
from all three tissues were found to be of the same order of magnitude as those 
of the original mitochondria from these tissues. Protein estimations demonstrated 
that there was no great difference in the ease with which mitochondria from the 
different tissues could be fragmented under identical conditions (Table VIJ) ; 
if anything, those from liver were more easily broken up. 

It therefore appears that the succinoxidase activity found in the large micro- 
some fraction is a property of the microsomes themselves, and this is probably 


also true of the small microsomes. 
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TaBLE VI.—Specific Activity of Fragmented Mitochondria in Terms of QO,. 


Type of tissue. 
Fraction. ‘Rat Lactating Breast 
liver. breast. tumour. 
Original mitochondria. 1340 355 ° 664 
(725-1700)* (590-790) 
Mitochondria . 2120 420 379 
(610-3110) (215-462) 
Fractions recovered 
after fragmentation Large microsomes . : 1030 ° 290 ° 937 
of mitochondria (560-1330) (446-1300) 
Small microsomes . ° 470 ° 770 ° 1977 
(420-550) (220-3770) 
Supernatant . 115 _ — 
(72-160) 
Number of experiments . 3 1 3 


* The figures in parentheses indicate the range of values. 


TaBLE VII.—Protein Distribution after Fragmentation of Mitochondria. 


Type of tissue. 
Fraction. Rat Lactating Breast 
liver. breast. tumour. 

Original mitochondria ° 100 ° 100 ° 100 
. Mitochondria. . . 45 61 ‘ 58 
(28-56)* (22-92) 
Large microsomes . 12 19 9 
(5-25) (8-10) 
Small microsomes 6 5 5 
re (4-11) (3-6) 

Supernatant . 22 2 13 
id (15-35) (11-15) 
85 87 85 
of (74-99) (49-120) 
Number of experiments. 3 1 3 
he * The figures in parentheses indicate the range of values. 
he In the examination of smears from all fractions a variable number of mito- 
“ia chondria was found in the large microsomal fraction. In the majority of cases, 
ge however, this number appeared to be considerably smaller than that seen in 
ed smears from the mitochondrial fraction. The evidence from smears is therefore 
he not enough alone to decide to what extent the enzyme activity found in the micro- 
1); some fraction was due to contamination with mitochondria. Only in a very few 

cases were occasional mitochondria seen in smears from the small microsome 

ro- fractions. 
bly The distribution of the cytoplasmic proteins among ,the different fractions 


from rat and mouse livers, lactating mammary glands and from mammary 
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tumours is shown in Table VIII. The results presented in Table VIII support 
the view that the large or faster sedimenting microsome fraction of normal and 
malignant mammary tissues is not to a great extent contaminated with mito- 
chondrial matter, because, if it were, it should make up a bigger proportion of the 
total protein. 


TaBLE VIII.—Protein Distribution. 


Type of tissue. 
Lactating breast. Breast tumour. 
Fraction. liver. liver. High Low High Low 
cancer. cancer. cancer. cancer. 
Homogenate . ° - 100 100 - 100 100 100 100 


26 25 21 23 10 15 


Mitochondria 
(20-31)* (19-29) . (16~30) (6-17) (14-15) 


Large microsomes . ° 7 9 ° 8 10 5 4 
(4-9) (4-13) (5-11) ‘ (2-12) (3-5) 


Small microsomes . 9 8 ° 6 6 10 8 
(7-10) (5-10) (5-8) (5-13) (7-9) 
Supernatant . . . 45 49. 46 40 60 62 
(37-52) (35-60) (35-56) (47-75) (50-73) 
Yield . 87 91 82 79 85 89 
(73-99) (63-110) (65-91) (68-99) (79-110) 
Number of experiments . 6 4 ° 3 1 15 2 


* The figures in parentheses indicate the range of values. 


Finally, separation of mitochondria at 8000 times gravity for 10 minutes 
instead of 5000 times gravity did not lead to any difference in the activity of the 
mitochondria, and resulted in no appreciable diminution of activity of the large 
microsome fraction. 


DISCUSSION. 


The present experiments have confirmed the original observation of other 
workers that succinoxidase is almost exclusively localised in the mitochondria of 
rat liver (Hogeboom, Claude and Hotchkiss, 1946; Hogeboom, Schneider and 
Pallade, 1948; Schneider and Hogeboom, 1950a), and in the mitochondria of 
mouse liver (Schneider and Hogeboom, 19506). While a concentration of this 
enzyme has also been found in the mitochondria of normal and malignant mam- 
mary cells of mice, an appreciable proportion of this enzyme (varying from 5 to 
22 per cent.) has also been found in the large microsomes of these cells, and a small 
but significant amount (varying from 2 to 14 per cent) in the small microsomes 
from cells of normal lactating mammary tissue and from mammary tumour 
tissue of mice. In particular experiments the QO, of the large microsomes was 
almost as high as that of the mitochondria, and on the average it was about one- 
half of that of mitochondria. Small succinoxidase activity in other fractions 
(microsomal) of rat and mouse liver does appear to be the result of contamination 
with mitochondria. Hogeboom, Claude, and Hotchkiss (1946) found approxi- 
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mately 7 per cent activity in thrice washed microsomal fraction and 52 per cent 
in similarly treated mitochondrial fraction of rat liver, isolated in 0-85 per cent 
NaCl. Similar small amounts of succinoxidase activity (1 to 3 per cent) were 
found by Hogeboom, Schneider and Pallade (1948) and Schneider and Hogeboom 
(1950a) in the microsomal fraction of rat liver isolated in either hypertonic or 
isotonic sucrose solutions, and by Schneider and Hogeboom (1950b) in the same 
fraction of mouse liver, isolated in 0-25 m sucrose solution. In the present experi- 
ments, an average of 2 per cent of enzyme activity was observed in rat liver and 
3 per cent in mouse liver after combining the activity of both, the large and small, 
microsome fractions. In similar fractions of normal and malignant mammary 
tissue, however, the enzyme activity was 17 per cent and 12 per cent respectively. 

The presence of succinoxidase activity in the microsome fractions of mammary 
cells might be due to (a) contamination with mitochondria or (6) the breaking up 
of mitochondria during homogenisation procedure into smaller fragments which 
would behave centrifugally as microsomes. Such fragments of mitochondria 
might be expected to have the same high succinoxidase content as the intact 
mitochondria. Hogeboom and Schneider (1950) observed partial inactivation of 
succinoxidase after sonic disintegration of mitochondria. 

The possibility of contamination with mitochondria could not be excluded 
by histological examination alone. Mitochondria were invariably observed in 
smears of microsome fractions, but in considerably smaller numbers than in the 
mitochondrial fractions: it is, however, impossible to make such comparisons 
quantitative. The chief arguments against contamination with whole mito- 
chondria are first, that in rat liver no succinoxidase was found in the microsomes 
(or negligible quantity), and second, that in a number of experiments with mam- 
mary tumour tissues the same mitochondria were sedimented in two parallel 
ways, at 5000 times gravity and at 8000 times gravity, and in the latter case the 
activity of the microsomes subsequently obtained was only slightly lower than 
in the former. 

The possibility of contamination of microsome fractions by fragments of 
broken mitochondria cannot easily be disposed of. Clearly such contamination 
was not observed in liver microsome fractions, obtained in similar manner as 
those from normal and malignant mammary tissues. Mammary cell mitochondria 
might conceivably be more easily broken ; a comparison was therefore made to 
test experimentally the fragility of mitochondria from various sources. The 
results showed clearly that mitochondria from normal and malignant mammary 
cells of mice are not more fragile than those from liver, and if anything rather less. 
It can therefore be deduced that mammary cell mitochondria are not appreciably 
fragmented during homogenisation, and that consequently the enzymic activity 
present in the microsome fractions from these cells is likely to be a true property 
of microsomes present in these fractions. The ready fragmentability of liver-cell 
mitochondria in the Potter-Elvehjen homogeniser after they have been separated 
from other cell components is at a first glance not easily reconciled with the fact 
that no damage appears to occur to these cellular components during the homo- 
genisation of the tissue. This difference is presumably due to the protection 
of the mitochondria against friction and damage by the presence in the latter 
case of larger cell fragments. 

The enzyme activity of microsomal fractions of normal and malignant breast 
tissues remained practically unaltered in spite of washings in isotonic sucrose 
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solution, which again points against the possibility of the enzyme being adsorbed 
on microsomes. 

From the experiments of Price, Miller and Miller (1948), Price, Miller, Miller 
and Weber (1949a, 1949b) on rat hepatoma and of Schneider and Hogeboom 
(1950) on mouse hepatoma, it is now known that in both rat and mouse hepatoma 
the protein content of the mitochondrial and microsomal fractions is much lower 
than that in similar fractions of normal rat and mouse liver. Further, it has 
been shown in these studies that in rat and mouse hepatoma the succinoxidase 
content of the mitochondrial fraction is lower than that in normal rat and mouse 
liver, the total activity being 5 times lower and the specific activity 2 times lower, 
in spite of the same distribution of the enzyme in normal and malignant livers. 
In the present experiments no significant difference was observed between normal 
and malignant mammary cells, either in the total amount of succinoxidase or 
in its distribution between the various fractions of these cells. A curious point, 
so far unexplained, is that although in liver homogenates 100 per cent recovery 
of succinoxidase could be obtained in the fractions, in mammary tissues the 
recovery was much lower, amounting on the average to only 70 per cent. 

No difference was found between high- and low-cancer-strain mice either in 
the protein and succinoxidase content or in the distribution of these in the various 
fractions, but the mammary tumour tissue in each case showed a reduced content 
of mitochondria, compared with the normal mammary tissue, which agrees with 
that found by Schneider and Hogeboom (19505) in mouse hepatomas. 

The reliability of the simplified centrifugal procedure used in the majority 
of the experiments has been tested by the use on three occasions of the more 
complicated procedure of Schneider and Hogeboom (1950a), which gave substan- 
tially the same results. It may perhaps be of interest to mention that Stern 
(1939) demonstrated the association of succinoxidase with particles of microsome 
size in beef heart muscle. 

A small point worthy of mention is that for greater convenience of making 
the enzyme assays, the samples of washed particles from rat and mouse liver and 
mammary tissues were kept overnight at —79° C. in the CO, box. It was found 
by direct test that this treatment had only a slight effect on their succinoxidase 
content, and storage at this temperature for 8 days caused a loss of only 20 to 
30 per cent of activity, while that of small microsomes remained unaffected. 
Novikoff and Potter (1948) found that rat liver frozen in liquid air and stored at 
—20° C., when thawed showed succinoxidase activity reduced by 50 per cent. 
The difference between these findings and our own may possibly be due to the 
temperature of storage. 

In addition succinoxidase activity was estimated in the various fractions 
obtained from desiccated mammary tumour tissue, and from fresh tumour tissues 
after filtration through Berkefeld N candles. Desiccation reduced the QO, of 
the homogenate and all the fractions derived from it to one-tenth or less compared 
with that in corresponding fractions of fresh tissues. Filtration of the homogen- 
ate from fresh tissue reduced the protein content of mitochondrial fractions and 
of the large microsome fraction greatly, without affecting their QO,. 


SUMMARY. 
(1) Succinoxidase in mammary cells of mice shows a different distribution 
among the particulate fractions (mitochondria, large microsomes, and small micro- 
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somes) from that found in liver cells of rats and mice. The large microsomes 
contain an appreciable amount of the enzyme. 

(2) No difference in succinoxidase content and its distribution in the various 
fractions could be detected between normal lactating mammary tissue and mam- 
mary tumours of mice, whether from high- or low-cancer-strains. 

(3) Further, no difference in this respect could be detected in mammary 


cells whether normal or malignant between high- and low-cancer-strains of mice. 
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Tue relationship of cellular structure to physiological and biochemical 
activity is an important issue in studies directed at the behaviour of cells. 
Techniques directed to such ends are few and limited in scope, but the use of 
tetrazolium salts has offered a method for the determination of reducing groups 
within living tissues and cells. It has already been shown (Calcutt, 1952) that 
well-defined staining of intracellular structure is obtainable with both normal and 
malignant tissues. 

Based upon these preliminary studies a more detailed and critical evaluation 
of the staining reaction as applied to tumour cells has been carried out. 


MATERIALS AND METHODS. 


Five different transplantable mouse sarcomas have been used in this work. 

These are: Sarcoma Beta grown either subcutaneously or as an ascites 

tumour in RIII mice. This is a very soft fast-growing highly dediffer- 
entiated tumour with large cells. 

Sarcoma 37S grown either subcutaneously or as an ascites tumour in 
Strong A mice. A fairly soft fast-growing tumour with large cells. 

Sarcoma F2/52 grown subcutaneously in RIII mice. A tumour with 
large cells, but of medium consistency and growth rate. 

Sarcoma Epsilon grown subcutaneousiy in Strong A mice. A tumour 
of medium consistency and growth rate but showing considerable variation 
in cell size and type. 

Spindle-celled sarcoma grown subcutaneously in CBA mice. A very 
slow-growing hard tumour with a preponderance of smallish cells. 


EXPLANATION OF PLATES. 

Fie. 1.—Sarcoma Beta; RIII mice. Interphase nuclei showing heavy staining of nucleoli 
and nuclear membrane. Tetrazolium. 

Fic. 2.—Sarcoma F2/52; RIII mice. Late prophase. Well stained chromosomes. Neote- 
trazolium. 

Fic. 3.—Sarcoma F2/52 ; RIII mice. Late telophase showing intense staining of reconstruc- 
ting nuclei. 

Fic. 4.—Sarcoma 378, Ascites; Strong A mice. Intense staining of fat droplets. 

Fic. 5.—Sarcoma Beta; RIII mice. Kolatchew-Nassonov preparation to show Golgi apparatus. 

Fic. 6.—Sarcoma Beta; RIII mice. Golgi apparatus faintly stained. Iodotetrazolium. 


Fie. 7.—Sarcoma 378 ; Strong A mice. Dense Golgi figures after prolonged staining. Neo- 
tetrazolium. 
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The tetrazolium salts and their solutions were as described in the previous 
work (Calcutt, 1952) with the addition that a sample of the new salt ‘‘ Blue 
Tetrazolium ”’ was also tested. Small portions of the tumour tissue were excised 
from animals recently killed by breakage of the cervical ligament, and teased out 
in a drop of the tetrazolium solution on a slide. These were squashed under a 
cover-slip to spread the cells and the preparations ringed with wax to prevent 
drying. Examinations were carried out over periods of up to 3 hours after making 
the preparation. A standard microscope using direct illumination was used. 
Contrast was enhanced by placing a light green filter in front of the lamp. 


RESULTS. 


The stains were taken up readily by all the tumours tested. Apart from the 
darker and more easily distinguished colour of reduced iodotetrazolium no par- 
ticular advantage could be found for the use of any one salt rather than another. 
Detailed findings are given below. 

Ground cytoplasm.—Initially remained unstained, but after about 30 minutes 
acquired a pale diffuse coloration which did not appreciably deepen with further 
exposure. All tumours behaved similarly. 

Mitochondria.—Rapidly and intensely stained in all cases. 

Fat droplets.—These are well defined in some cells, particularly in rather large 
and degenerate cells. When present they acquired the stain extremely rapidly 
and showed an intense colour (Fig. 4). 

Resting nuclei.—Stained smoothly and distinctly but decidedly later than the 
mitochondria. The heaviest staining was in the nucleoli, whilst the chromone- 
mata appeared as well defined faintly stained irregular bodies (Fig. 1). The 
nuclear membrane showed distinct staining distributed as irregular granules 
(Fig. 1 and 7). 

Dividing nuclei—At all stages of division the chromosomes are stained. 
Judged by the stain intensity as compared with that of nearby structures the 
chromosomes do not pick up the stain as readily as nucleoli or mitochondria. 
Additionally, a careful comparison of the staining of the chromosomes at various 
stages of the division cycle indicated that during the later stages there is a decrease 
in the ability to reduce tetrazolium. Thus the chromosomes of prophase show 
a better staining reaction than those of anaphase or telophase. At the end of 
telophase when the chromosomes condense and the nuclear membrane reforms 
there is a definite increase in stain intensity (Fig. 2 and 3). 

Golgi body.—Certain tumour cells examined by phase contrast microscopy 
show a well-defined region or network free of mitochondria. This structure 
corresponds to the Golgi body as demonstrated by the classical osmium impreg- 
nation techniques. After exposure to the tetrazolium salts for periods of 1 hour 
or more it was found that coloration appeared in this Golgi region. In the early 
stages of staining a definite structure was faintly defined. This is illustrated 
in Fig. 6, and should be compared with the standard Golgi preparation shown in 
Fig. 5. Continued immersion in the agent gave rise to a more intense staining 
in this region, with the formation of dense, highly coloured figures. These are 
shown in Fig. 7, and are strictly comparable with the Golgi bodies of cells of the 
same tumour (Sarcoma 37S) illustrated by Ludford (1932). It was found that 
the Golgi body of cells of the two fast-growing tumours, i.e., Beta and 37S, was 
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large and easily, even if slowly, stained. No trace of the Golgi could be found 
in the very slow-growing spindle-celled sarcoma, whilst the two tumours of 
intermediate growth rate showed small and ill-defined structures. 


DISCUSSION. 


The technique.applied has in its general results only confirmed what would be 
expected from considerations of the chemistry involved, namely, formation of 
colour at the sites of reducing groups. These are to be expected to be localised 
in the formed constituents of the cell. 

The intense staining of the mitochondria confirms Joyet-Lavergne’s (1935, 
1938) view that these organelles possess strong reducing activity. The intense, 
and rapid staining may also be associated with lipoid constituents in the mito- 
chondrial structure, since fatty substances within the cells very rapidly absorb 
and reduce the tetrazolium salts. 

Consideration of the staining reactions of nuclei suggests that the nuclear 
membrane is in two distinct layers. The outer is a continuous hyaline sheath, 
whilst the inner is a structure of irregular thickness. It is this inner structure 
which so readily stains with the tetrazolium. The appearance of the nuclear 
membrane under these conditions corresponds with that described by Ludford 
and Smiles (1950). These authors ascribed the granular material on the inner 
side of the nuclear membrane to chromatin. The present technique indicates 
by virtue of the differential staining intensities that it is chemically different 
from whatever material comprises the chromonemata, and more nearly resembles 
the nucleolar material in the distribution of reducing groups. The method does 
not, however, offer any indications as to exact chemical nature of the stained 
substrate. 

The falling off in staining intensity exhibited by the chromosomes as division 
proceeds is interesting in that tumour cells are known to be more sensitive to 
irradiation during the early stages of mitosis. It appears possible that this is 
associated with the greater number of reducing groups available at this stage, 
since radiation effects are known to include oxidation of such groups as —SH. 
Since the evidence on this point can only be regarded as equivocal this issue will 
be the subject of further experiment. 

The uptake of tetrazolium by the Golgi region of these cells is perhaps not 
surprising, since the classical techniques for demonstration of the Golgi apparatus 
rely on the reduction of metallic compounds to insoluble derivatives. The very 
slow but continuous manner in which the staining takes place suggests that there 
is no great. array of reducing groups available at any one time, but that as a 
result of metabolic; processes these are steadily being rendered accessible. The 
fact that the Golgi apparatus was more readily demonstrable in the faster growing 
tumours suggests that this organelle is associated with the metabolic activity of 
the cell. 

Throughout this work it was noticeable that the organised structures of the 
cell took up and reacted with the tetrazolium long before there was any detectable 
effect on the ground cytoplasim. Such effect when it did occur took place slowly 
and steadily. This would suggest that there is a very slow but continuous 
appearance of reducing groups within the cytoplasm. 
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Although this work has not demonstrated any striking differences between 
the tumours used, it has suggested further experiments which may help to 
elucidate some of the problems associated with the cellular physiology of tumours. 


SUMMARY. 


1. Cells from five different transplantable mouse sarcomas have been supra- 
vitally stained with saline solutions of tetrazolium salts. 

2. The mitochondria, nucleoli, nuclear membrane, chromosomes and Golgi 
body were all found to stain, but with varying intensities and at varying rates. 
3. The significance of the findings has been discussed. 


The Author is indebted to Messrs. Pal Chemicals, Ltd., London, for the gift 
of tetrazolium compounds used in this work. Other expenses of this research 
were defrayed from a block grant from the British Empire Cancer Campaign. 


REFERENCES. 


Catcutt, G.—(1952) Brit. J. Cancer, 6, 197. 
JoyvEet-LAvERGNE, P.—(1935) Protoplasma, 23, 50.—(1938) Rev. gen. Sci., 49, 1. 
Luprorp, R. J.—(1932) Sci. Rep. Imp. Cancer Res. Fd., 10, 125. 

Idem and Smizs, J.—(1950) J. Roy. micro. Soc., 70, 186. 


- 


J 
~ 


GASTRIC SECRETION OF FLUORENE-2-AZO-2’, 4’-DIHYDROXY- 
BENZENE IN THE RAT, MOUSE, AND GUINEA-PIG. 


M. KLEIN, MARY F. ARGUS anp F. E. RAY. 


From the Cancer Research Laboratory, University of Florida, 
Gainsville, Florida, U.S.A. 


Received for publication February 9, 1953. 


ALTHOUGH attempts have been made to induce gastric adenocarcinomas in 
laboratory animals by parenteral administration of carcinogens, none has been 
successful (Klein and Palmer, 1941 ; Barrett, 1946 ; Hartwell, 1951). It occurred 
to Ray and Peters (1951, and unpublished data) that one might be able to sub- 
ject the glandular mucosa of the stomach to a carcinogen by administering a 
suitable compound which would be selectively secreted by the gastric glands. 
Thus, it was reported that fluorene-2-azo-2’, 4’-dihydroxybenzene (Compound ITI), 
a derivative of the carcinogen 2-aminofluorene, was found in the gastric juice 
of the rat following intraperitoneal injection (Ray and Peters, 1951). All the 
animals in the latter experiments had been operated on several hours prior to 
injection time, and the intestine in the region of the pylorus ligated to eliminate 
the possibility of back-flow into the stomach. In addition, each rat was injected 
with histamine. In the dog, which has been employed frequently for studies 
in gastric physiology, histamine is known to enhance the flow of gastric juice. 
However, Friedman (1943) reported that histamine did not stimulate secretion 
in the rat’s stomach. 

In the present experiments the ability of the gastric mucosa to secrete Com- 
pound III was investigated in the rat as well as in the mouse and guinea-pig. 
The influence of histamine on gastric secretion and on blood volume in these 
species also was studied. 


MATERIALS AND METHODS. 


Sprague-Dawley male rats weighing 324 to 500 g., strain A (Bar Harbor) male 
mice weighing 23 to 30 g., and stock male guinea-pigs weighing 362 to 480 g., 
were employed in these experiments. The rats and mice were maintained on 
Purina Laboratory Chow pellets prior to the start of the experiments, while the 
guinea-pigs were fed Purina Rabbit Laboratory Chow pellets and received in 
addition a daily supplement of lettuce. Animals were fasted 48 hours, but were 
allowed tap water up to the time of operation, after which both food and water 
were withheld. A laparotomy was performed on each animal using ether anesthe- 
sia for rats and guinea-pigs and nembutal for mice, and a loop of the intestine 
adjacent to the pylorus ligated. The abdominal cavity was closed with nylon 
sutures and each animal returned to its original cage. The animals were not 
treated further until 3 to 3} hours following the laparotomy by which time all 
had emerged from the anesthesia. Some of the animals were injected with a 
solution of histamine dihydrochloride (obtained from Eastman Kodak Co., Roches- 
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ter, N.Y.) in a concentration of 0-6 mg. per ml., each receiving 0-002 mg. of hista- 
mine per g. of body-weight. While some of the animals were injected subcu- 
taneously, others received histamine intraperitoneally. Fluorene-2-azo-2’, 4’- 
dihydroxybenzene, Compound III (prepared in this Laboratory), dissolved in 
propylene glycol, was injected intraperitoneally and at a concentration of 1-25 
mg. per ml. of solvent. Each animal received 0-0125 mg. of the Compound per 
g. of body-weight. Where both histamine and Compound III were injected into 
the same animal, this was done simultaneously. One group of rats was injected 
intraperitoneally with Toluidine Blue O (C.1. 925) (obtained from National Aniline 
Division, Allied Chem. and Dye Corp., New York, N.Y.) dissolved in propylene 
glycol, while another group was injected intraperitoneally with an aqueous solu- 
tion of this dye. The Toluidine Blue O was given in the same concentration and 
on the same body-weight basis as described for Compound III. Six rats were 
injected intravenously with 0-0025 ml. per g. of body-weight of a 0-5 per cent 
aqueous solution of Toluidine Blue O. 

Animals were anesthetized 4 an hour following the time of injection and a 
blood sample withdrawn either by heart puncture or from the aorta. The eso- 
phagus was then ligated below the diaphragm, and the stomach removed and 
rinsed in Ringer’s solution maintained at room temperature. The gastric contents 
were collected in a calibrated centrifuge tube and the volume recorded. The 
pH of the contents as well as of the gastric mucosa was obtained with Hydrion 
paper. The stomach contents were diluted 1 : 1 with acetone, stirred, and centri- 
fuged for 10 minutes at 2000 r.p.m. The supernatant was withdrawn and a | ml. 
aliquot diluted with acetone to 10 ml. This was stored at 5° to 10° C. overnight 
following which it was centrifuged 20 minutes at 2000 r.p.m., and the supernatant 
removed for spectrophotometric analysis. In some rats the intestinal tract was 
removed and the contents collected. These as well as the blood samples were 
analyzed in the same manner as the stomach contents. For the standard curve, 
1 ml. of propylene glycol containing 0-125 mg. of Compound III was treated 
exactly as the samples of stomach contents. Where Purina Laboratory Chow 
pellets were analyzed the material was ground and a 5 ml. sample nsed. Feces 
were dried and ground, and a 3 ml. sample tested. Both tle food and 
feces samples were extracted in the same manner as the gastric contents. An 
acetone blank was used for all determinations. In the case of gastric samples, 
the pH of the blank was adjusted to that of the sample using HCl. The same 
acetone was used throughout the experiments and was redistilled prior to use. 
A Beckman Model DU Spectrophotometer was employed in making the measure- 
ments. The procedures outlined above duplicate those employed in the experi- 
ments of Ray and Peters (1951). 

The ratio of formed elements in the blood (cell volume) to plasma was deter- 
mined by hematocrit readings using the Wintrobe and Lansberg method 
(Gradwohl, 1948). 

The animals were divided on the basis of treatment into the following groups: 

Group I—5 rats, 14 mice, 5 guinea-pigs— injected subcutaneously with the 
histamine solution and intraperitoneally with the solution of Compound III. 

Group II—3 rats—injected subcutaneoulsy with the histamine solution and 
intraperitoneally with propylene glycol. 

Group III—10 rats, 9 mice, 5 guinea-pigs—injected subcutaneously with 
Cistilled water and intraperitoneally with propylene glycol. 
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Group IV—6 rats—no injections. 

Group V—6 rats—injected intraperitoneally with the histamine solution and 
intraperitoneally with Compound [II in propylene glycol. Three of the rats 
were used for intestinal content analysis only. 

Group VI—6 rats—injected intraperitoneally with the histamine solution and 
intraperitoneally with propylene glycol. Three of the rats were used for intestinal 
content analysis only. 

Group VII—4 rats—injected subcutaneously with the histamine solution and 
intraperitoneally with Toluidine Blue O in propylene glycol. 

Group VIII—2 rats-—injected intraperitoneally with the histamine solution and 
intraperitoneally with Toluidine Blue O in water. 


RESULTS AND DISCUSSION, 


In the rat the influence of histamine on gastric secretion may be observed 
from a comparison of those animals which were injected with the compound 
(Groups I, II, V, VI, VII, VIII) and those which received none (Groups ITI, IV). 
The 20 animals given histamine averaged 403 g. compared to 389 g. for those 
not injected with histamine. One-half hour following administration of histamine 
the rats showed an average volume of gastric contents of 5-4 ml. whereas among the 
rats not injected with histamine the average was 5-3 ml. The average volume 
of gastric contents for individual rat groups may be seen in Table I. 


TaBLE I.—Summary of Data from Gastric Content Analyses and Blood 
Analyses in Duodenum-Ligated Animals. 


Group pH Vol. of gastric 
pecies anima contents values 
number. (number). (average). (average ml.). (average). 
Rat ‘ I 5 3-7 6-0 ‘ 67 
It 3 4°5 5°5 68 
III 10 3-9 4°5 65 
IV 6 3-5 6-5 
Vv 3 4-2 4-0 72 
VI 3 3-6 6-0 72 
VII 4 3-0 5-6 ‘ 
” VIII 2 4 0 4 3 . 
‘ 9 “5 
Guinea pig . I 5 2-5 16-5 ° 63 
lit 5 2-5 9-2 60 


Among 14 mice (average weight 22 g.) injected with histamine, the gastric 
contents averaged 0-4 ml. (Group I, Table I). Compared to this, the average 
volume of gastric contents from 9 mice (average weight 25 g.) which did not 
receive histamine was 0-5 ml. (Group IIT). 

In histamine treated guinea-pigs (Group I) the average volume of gastric 
contents was 16-5 ml., whereas in Group III, where histamine was not injected, 
the average volume was 9-2 ml. Body-weights for the animals in these two groups 
averaged 436 g. and 409 g. respectively. 

Although injection of histamine into dogs as well as other animals stimulates 
the flow of gastric secretion, this was not observed among rats or mice in the pres- 
ent experiments. Thus the volume of gastric contents recovered after } an hour 
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from rats and mice given histamine was about the same as that obtained from 
other animals not under the influence of this compound. Friedman (1943) pre- 
viously reported that gastric secretion in young albino rats was not affected by 
the injection of varying doses of histamine. It was suggested that this might be 
due to a rapid rate of disappearance of histamine from rat blood as well as an 
apparent inability of the rat’s stomach to retain histamine. While injection of 
histamine did not influence gastric secretion in the rat or mouse, in the guinea- 
pig a definite stimulation was observed. Inasmuch as the the guinea-pig, like 
the dog, is considered to be susceptible to histamine stimulation, an enhancement 
of gastric secretion following injection in this species was anticipated. 

The proportion of formed elements to plasma in the blood was determined 
for rats and guinea-pigs but not for mice in several of the groups. These results 
are listed in Table I under hematocrit values. It will be observed that among the 
rats which received histamine (Groups I, II, V, VI), an average value of 69 was 
obtained. When the rats were not injected with histamine (Group IIT), the hemato- 
crit value averaged 65. Neither the pH of the stomach contents nor that of the 
gastric glandular mucosa was altered significantly by the administration 
of histamine. 

In the rat a normal hematocrit value of 45-8 has been reported for males of 
the Sprague-Dawley strain (Gardner, 1947a). This value was confirmed in our 
Laboratory. The operated rats in the present experiments showed significantly 
higher hematocrit values (Table I) than untreated rats. Thus the histamine 
appeared to have no additional effect on the hemoconcentration observed in all 
operated animals. 

In untreated male guinea-pigs a hematocrit value of 42 has been reported 
(Gardner, 19476). Examination of the blood of treated guinea-pigs in our experi- 
ments disclosed a significantly higher hematocrit value in every animal. Among 
those guinea-pigs which received histamine and Compound III in propylene 
glycol, the volume of packed cells was 63 per cent, while a value of 60 per cent 
was obtained for those not given histamine. Thus, in guinea-pigs, as in rats, 
where the intestine has been ligated, histamine injection does not appear to in- 
fluence blood-cell-volume-ratios. Inasmuch as the animals in the present experi- 
ments may have been under the influence of shock as a result of preliminary 
operative procedures, this could account for the observed hemoconcentration in 
the absence of administered histamine (Gradwohl, 1948, Selye, 1950). 


Gastric Contents. 

In Fig. 2 are plotted the results of spectophotometric analyses of gastric ex- 
tracts from 8 rats. Only 1 treated animal, No. 5, shows results comparable to 
those of Ray and Peters (1951). The stomach contents of treated animal No. 4 
also shows a slightly greater absorption than the controls. The rest, both experi- 
mental and control, except No. 1, show considerable generalized absorption with 
some selective increase in the same general region shown by Compound III (Fig. 
1). Fig. 3 shows 7 rats, 4 controls and 3 treated. One of the treated animals, 
No. 28, shows somewhat greater absorption than the rest, comparable to animal 
No. 4in Fig. 2. These, No. 4 and 28, cannot be considered satisfactory evidence 
for Compound III in view of the considerable absorption in the same region by 
the untreated controls. In Fig. 4 results for 7 mice are shown. Two of the 
treated mice show absorption similar to those previously reported for rats by 
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Ray and Peters (1951). The control and 4 treated animals show no selective 
absorption in the region in question. 

Similar analyses, using 5 guinea-pigs of Group I and 1 guinea-pig corresponding 
to Rat Group II, showed no definite peaks in the range between 375 and 400my. 

Although animals were fasted 48 hours prior to the start of operations no 
precautions were taken to prevent coprophagy, since it was our intention to dupli- 
cate the conditions which prevailed in the experiments of Ray and Peters (1951). 
When gastric contents were collected, it was observed that in addition to fluids 
there also was present a varying amount of solids. Although some of this may 
have been due to residual food, it is more likely that ingestion of feces was respon- 
sible. Compound III has a maximum at 400 my., Purina Laboritory Chow 410 
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Fic. 1—Spectrophotometric curves for Compound III (1); Purina Laboratory Chow pellets (2) ; 
rat feces (3) ; and mouse feces (4). 


my., rat feces 405 my., and mouse feces 410 my., (Fig. 1). If the absorption found 
in the stomach contents were caused entirely by either food or feces, the peak 
should not be so uniformly displaced to the shorter wave-lengths (Fig. 2, 3, and 4). 
These may contribute to the general absorption, although the results with mice 
(Fig. 4) seem to eliminate the food since both rats and mice ate Purina Chow. 
It is possible that Compound III injected intraperitoneally, in some way may 
cause secretion by the stomach of material absorbing in the red end of the spectrum. 
If so, this is not specific for Compound III, since analysis of gastric contents from 
rats injected intraperitoneally with Toluidine Blue O in propylene glycol (maxi- 
mum absorption 620 my.) gave similar results. Intense absorption occurred at 
380 my. in the stomach contents but none at 620 mw. On the other hand, intra- 
peritoneal injection of Toluidine Blue O in aqueous solution (Group VIII) as well 
as intravenous injection of a 0-5 per cent solution of the same dye resulted in the 
recovery of material from the stomach absorbing in the region of 620 my. 
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Since gastric analyses from control rats gave generalized absorption over the 
same range as gastric extracts from animals receiving Compound III, it was not 
possible to establish the presence of this compound in the gastric contents. It 
was therefore considered of interest to determine whether Compound IIT could be 


recovered from other sites. 


1-400, 


355 370 385 415 
Wavelength 


Fic. 2—Spectrophotometric curves of gastric extracts. Curve numbers represent data from 
rats of the following groups: No. 1, 2, 3, 4, 5—Group I ; No. 6—Group LI ; No. 13—Group 
III; No. 18—not included in any Group-rat injected subcutaneously with histamine solution 
alone. Solid lines represent animals given Compound III. 


Analyses of blood from rats injected with Compound IIT revealed no compound 
by a method which was shown to detect 0-01 mg. per ml. of blood when Compound 
III was added to normal blood samples in vitro. This, however, proved of doubt- 
ful significance because Toluidine Blue O was also absent from the blood } an 
hour after it had been injected intravenously. 

At autopsy the entire abdominal cavity in the rat was observed to be stained 
with Compound III. This was especially intense for adipose tissue. Examination 
of urine in the bladder showed no color. 
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Fic. 3—Spectrophotometric curves of gastric extracts. Curve numbers represent data from 
rats of the following groups: No. 19, 20-Group IV ; No. 27, 28,-29-Group V; No. 30, 31- 
Group VI. Solid lines represent animals given Compound III. 
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sent animals given Compound III, ; 
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An attempt to establish the presence of Compound III in intestinal contents 
also gave inconclusive results. Intestinal extracts from rats injected with this 
compound (Group V) gave absorption maxima at 340 my. and 400 my. These 
values were identical with the absorption maxima observed in control animals 
receiving propylene glycel (Group VI). Spectrophotometric curves for these 
data are given in Fig. 5. These results indicate the difficulty encountered in 
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Fic. 5.—Spectrophotmetric curves of intestinal extracts. Curve numbers represent data from 
rats of the following groups : No. 53, 54,55—Group V ; No. 56, 57,58—Group VI. Solid lines 
represent animals given Compound III, 


attempting to establish the presence of Compound III in intestinal extracts using 
spectrophotometric analyses. On the other hand, the presence of Toluidine Blue 
O may be established by spectrophotometric analysis since intestinal contents 
give no peaks in the region of maximum absorption of this dye. It is of interest 
that such analysis from rats injected intraperitoneally with an aqueous solution 
of Toluidine Blue O failed to reveal this blue dye. 

Ray and Peters (1951) reported that gastric extracts from 3 out of 3 rats 
treated with Compound III showed substantial absorption at 400 my. In the 
present experiments only 1 rat out of 15 showed similar results, while 2 fell in 
an intermediate, doubtful category. Two of 6 treated mice showed selective 
absorption, while the other 4 and 1 control showed none. Since Toluidine Blue 
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O in aqueous solution was readily secreted by the stomach when injected intrav- 
enously or intraperitoneally but was not secreted when administered intraperi- 
toneally in propylene glycol, it can be concluded that Compound III dissolved 
in propylene glycol stands little chance of being secreted by the rat’s stomach. 


SUMMARY. 


Rats, mice and guinea-pigs were fasted 48 hours, then operated on and the 
duodenum ligated in the region of the pylorus. Although animals from each 
species were injected with histamine, recovery of gastric contents } an hour there- 
after showed no apparent effect of this compound on volume of secretion except 
in the guinea-pig. A study of blood cell volume in operated rats and guinea-pigs 
revealed hemoconcentration whether or not an animal was injected with histamine. 

Following intraperitoneal injection of fluorene-2-azo-2’, 4’-dihydroxybenzene 
(Compound III) in propylene glycol into rats, mice, and guinea-pigs, it was not 
possible to determine conclusively the presence of this compound in the gastric 
contents. Inasmuch as Toluidine Blue O also did not appear in the stomach 
following similar injection but was secreted when an aqueous solution was injected 
intravenously or intraperitoneally, it is probable that the present method of 
administration of Compound III is not suitable for an investigation of gastric 
secretion with this dye. 


We are indebted to Hilda Banks, Dorothy Bowland, William Gryder, Marjorie 
Newell, Dorothy Sawicki and Lois Sumner for invaluable technical assistance. 

This study was supported by a research grant from the Damon Runyon 
Memorial Fund. 
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DISTRIBUTION OF RADIOACTIVITY FOLLOWING ADMINISTRA- 
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Ir has been’ observed that when certain sulfonic acid dyes, such as trypan 
blue, are injected into animals with tumors, the neoplasms become more highly 
colored than the surrounding tissue. Unfortunately these dyes concentrate in 
some vital organs to a much greater extent. An investigation by Moore, Tobin 
and Aub (1943) of Br*? derivatives of Evans blue and trypan blue in tumor- 
bearing mice showed that the tumor took up considerably more dye than the 
surrounding tissue. The liver, however, took up about three times as much 
radioactivity as the tumor. Stevens, Lee, Stewart, Quinlin and Gilson (1949) 
studied the distribution of radioactive iodinated trypan blue, one of the compounds 
first prepared by Bloch and Ray (1946). The concentration of radioactivity 
in tumor tissue was several times greater than that in skeletal muscle or skin, 
but considerably less than in the liver, spleen and kidneys. 

The purpose of the present study was to determine if such localization in 
vital organs is a necessary concomitant to tumor localization by aromatic sulfonic 
acids. 

Because radioactivity offers a ready means of detection, the need of a colored 
derivative no longer exists and sulfonic acids other than dyes may be employed. 
Since certain derivatives of fluorene are known to produce tumors in various 
sites in the animal body (Bielschowsky, 1944, 1947 ; Morris, Dubnik and Johnson, 
1950 ; Wilson, DeEds and Cox, 1941), it is possible that other derivatives of this 
molecule might be directed to tumors already present. The 2,7-disulfonic acid 
of fluorene was selected and this compound was prepared labelled with S*. 

Benzene sulfonic acid injected into dogs can be recovered unchanged in the 
urine (Williams, 1947). Sammons, Shelswell and Williams (1941) report that 
p-hydroxybenzenesulfonic acid is excreted unchanged from rabbits. It does not 
even form an ethereal sulfate despite the fact that it possesses a phenolic hydroxy 
group. Zehender (1943) found that the amino group of sulfanilic acid ( p-amino- 
benzenesulfonic acid) is acetylated to the extent of 75 per cent in the guinea-pig, 
but that no cleavage of the sulfonic acid group from the ring occurs. A study of 
various aminophenolsulfonic acids by Sammons, Shelswell and Williams (1941) 
also indicates that these compounds are eliminated unchanged. It is, therefore, 
apparent that aromatic sulfonic acids are stable compounds. 

Since there is no evidence to indicate that the sulfonic acid groups of fluorene- 
2.7-disulfonic acid would be removed from the molecule, the distribution of 
rodioactivity following administration of the compound labelled with S* should 
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be a direct measure of the distribution of the compound in animal tissues. Results 
accordingly are reported on this basis. 


MATERIAL AND METHODS, 
Preparation of disodium fluorene-2,7-disulfonate-S®* (2,7-F DS**). 

Fluorene, 5 g. (0-003 moles), together with concentrated H,SO,, 6-9 ml. 
(0-12 moles), containing S** (0-8 mc.), was warmed on a steam bath. After 
half an hour the fluorene dissolved. The solution was warmed an additional 
1} hours during which time a white precipitate formed. Most of the product 
was dissolved by adding ice, and the solution was freed of any undissolved residue 
by filtering through a filter stick. The product was precipitated by the addition 
of saturated aqueous NaCl solution. Two recrystallizations were carried out 
by dissolving the product in a minimum of boiling water, filteging hot, adding 
absolute ethanol until slightly turbid and allowing the white product to crystallize ; 
the yield was 95-42 per cent based on fluorene and 47-71 per cent based on H,S*5O, ; 
sulfur analysis gave 17-23 per cent 8S; the calculated value is 17-31 per cent 8S. 
The p-toluidine salt melted at 326° ; the melting point of the disulfonyl chloride 
was 225-226°; Courtot and Geoffroy (1924) found 225-226° for fluorene-2,7- 
disulfonyl chloride. 


Animal studies. 

Five to six-weeks-old Strain A (Bar Harbor) mice were employed as twenty- 
third generation hosts for the subaxillary transplantation of a keratinizing 
squamous cell carcinoma (Line A, stomach carcinomata originally obtained from 
the Animal Supply and Research Units of the British Empire Cancer Campaign). 
When the tumors were 10 days old, and weighed between 130-200 mg., each 
mouse was administered, by tail vein injection, 0-25 ml. of saline solution con- 
taining 5-0 mg. 2,7-FDS* having a specific activity of 39,660 counts per minute 
per mg. Base experiments in which the animals received twice this concentra- 
tion of the compound failed to reveal any toxicity symptoms. 

The animals were sacrificed at 2-, 8- and 32-hour intervals following treatment, 
and pooled samples from 2 animals were used for each determination. The 
mice were anesthetized with nembutal, and blood was removed by heart puncture 
just prior to sacrifice. A 1-1 per cent solution of sodium oxalate (0-5 ml. to 1 ml. 
blood) was used as an anticoagulant. 

The tumor, liver, spleen, kidneys, stomach with contents and leg smashes 
were removed, immediately weighed and suspended in a 1 per cent sodium 
hydroxide solution containing 1 ml. of Tergitol per 250 ml. One ml. of this 
solution was used for each 100 mg. tissue. The suspension was allowed to stand 
48 hours at 5°. The mixture was then brought to room temperature and 
thoroughly homogenized for 20 minutes. A 1 ml. portion was placed on a shallow 
aluminium planchet and allowed to dry at room temperature. One ml. samples 
of blood were plated directly on planchets. 

Radioactivity measurements were made in an internal-type counter (Q-gas 
chamber and Nuclear Instrument and Chemical Corporation Scaler, Unit Model 
162) with an efficiency of 45 per cent. Each sample was counted for three 
10-minute intervals and the net counts per minute above background recorded 
for each sample. 
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The concentration of 2,7-FDS* in these samples was determined by direct 
comparison with standard planchets prepared in the same manner and containing 
known concentrations of the radioactive compound. Liver standards were used 
for the liver, spleen and kidneys, muscle standards for the muscle and tumor, 
and rabbit blood standards for the blood in order to eliminate correction for the 
decay of S**, the standards were counted on the same day as the samples. The 
total amount of 2,7-FDS* present in the whole sample was determined by multi- 
plying the concentration by the total weight of the sample. The total blood 
volume was calculated on the basis of 63-2 ml. per kg. body weight (Oakley and 
Warrack, 1940). 


RESULTS AND DISCUSSIONS. 


The distribution of radioactivity in the organs and tissues of tumor-bearing 
mice following injection of 2,7-FDS* is given in Table I. Two hours after 
administration the concentration of 2,7-FDS* in the tumor (152 ug. per g. tissue) 
was higher than in any organ. This concentration was four and one-third times 
as great as that found in skeletal muscle and more than twice that in the spleen. 
While comparatively substantial amounts of S** were accounted for in the liver 
and kidneys, these values were less than for the tumor tissue. The blood showed 
a slightly higher concentration (164 ug. per ml.) than did the tumor. 


TaBLE I.—Distribution of Radioactivity in Tumor-bearing Mice following 
Intravenous Injection of Disodium Fluorene-2,7-Disolfonate-S* 
(5-0 mg. 2,7-F DS® in'0-25 ml. saline). 


Concentration 


= 


Two hours : 


Blood . ‘ 164 331 3-31 
Liver . 130 295 2-95 
> Spleen . ° 68 . 24 . 0-24 
> Stomach + contents ° 143 ‘ 67 : 0-67 
Tumor 152 58 0-58 


Eight hours : 
Blood . 


1 
Kidneys 62 ° 35 0-35 
Spleen 30 ll 0-11 
Stomach + contents. 77 28 0-28 
d Tumor 58 16 0-16 
Leg muscles 
V Thirty-two hours : 
S Blood . 2 0-04 
Liver . 7 1 0-11 
Kidneys 26 1 0-11 
Spleen 5 l 0-01 
| Stomach + contents 28 6 0-06 
Tumor ° 18 6 0-06 
Leg muscles 00 


* Calculated on the assumption that the S** remains bound to the fluorene. 
t+ The percentage recovery is based on the analysis of 2 mice (10 mg. 2,7-F DS**). 


| 
in wg.* per Total ug. Percentage 
g. tissue or recovered, recovered.f 
ml. blood. 
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After 8 hours the localization of 2,7-FDS* in the tumor was still greater than 
in the liver, spleen or muscle, but slightly less than in the kidneys and blood. 
The distribution studies after 32 hours reveal that none of this radioactive 
compound remained in the muscle tissue. The concentration of 2,7-FDS®* in 
the tumor was over three and one-half times that in the spleen and two and one- 
half times that in the liver. The kidneys still showed a higher localization than 
the tumor, but the concentration in the blood was now only one-ninth that in 
the tumor. These ratios are given in Table II. Comparable ratios are also 
given for I'*!-labelled trypan blue as calculated from the data of Stevens, Lee, 


Stewart, Quinlin and Gilson (1949). 


TaBLE II.—Ratios of the Concentration of Radioactivity in Tumor Tissue 
to the Concentration in Other Tissues following a Single Injection 
of Labelled Compound to Tumor-bearing Mice. 


2,7-FDS* 
2 hrs. 32 hrs. 24 hrs. 

Blood . 0-93 9-00 
Liver. 1-17 2-57 0-15 
Kidneys . ° ° 1-12 0-69 0-34 
Spleen . ‘ " 2-24 3-60 0-38 
Stomach . ° . 1-06 0-64 0-87 
Muscle . 4-34 —* 3-33 


* No radioactivity remained in the muscle tissue. 


Contrasting the distribution of 2,7-FDS®* with that of I'*!-labelled trypan 
blue it is evident tht the fluorene derivative has not only maintained but has 
bettered the ratio of concentrations in tumor and muscle tissue. This ratio is 
4-34:1 for 2,7-FDS®* 2 hours after injection. Stevens and associates report a 
3-33:1 ratio for trypan blue at 24 hours. Thirty-two hours after injection of 
2,7-FDS* considerable radioactivity remained in the tumor while it was undetect- 
able in the muscle. 

One of the chief disadvantages in the use of the dyes tested for tumor localiza- 
tion studies is the fact that such vital organs as the liver, kidneys and spleen 
take up large quantities of the dye. For example, with trypan blue six times 
as much radioactivity was accounted for in the liver as in the tumor 24 hours 
after injection. This ratio still persisted after 5 days when the final distribution 
study was made (Stevens, Lee, Stewart, Quinlin and Gilson, 1949). With this 
same compound the kidneys and spleen concentrated over three times as much 
of the dye as did the tumor. 

A much more favorable situation is found in the distribution of 2,7-FDS*. 
At 8 and 32 hours only the kidneys had a slightly higher concentration of this 
compound than did the tumor. At no time was the localization of the fluorene 
derivative greater in the liver than in the tumor, and after 32 hours the con- 
centration was two and one-half times greater in the tumor tissue than in the 
liver. The spleen revealed a substantially lower localization of the S**-labelled 
compound than did the tumor at all of the time intervals studied. This work 
shows that localization in the liver and spleen does not necessarily exceed localiza- 


tion of sulfonic acids in tumor tissue. 
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The small percentages of radioactivity accounted for in the animal body 
indicate that 2,7-FDS* is readily excreted. This would be expected, since the 
disulfonic acid groups impart a high degree of solubility to the fluorene molecule. 
Such a fairly rapid excretion is a definite advantage over the high molecular 
weight trypan blue which remains in the animal body after 5 days in concentra- 
tions only slightly less than at 24 hours (Stevens, Lee, Stewart, Quinlin and 
Gilson, 1949). 

On the other hand the solubility of 2,7-FDS* may be responsible for the 
concentration of this compound in the kidneys. It is possible that the unfavor- 
able ratio between kidney and tumor localization could be reversed if a slightly 
less soluble compound were used. This would be worth while, however, only if 
it could be accomplished without simultaneously increasing the conentration in 
the liver. 

Gastric secretion.—A noteworthy result was the high level of localization of 
2,7-FDS* in the stomach and its contents. In every case the concentration of 
radioactivity in the stomach was comparable to or higher than that in the tumor. 
Since the labelled compound was administered by intravenous injection, it is 
probable that it was secreted by the stomach wall to reach the gastric contents. 
Such secretion of a highly acid compound is not in agreement with the results 
obtained in studies on the elimination of dyestuffs by the gastric glands. Ingra- 
ham and Visscher (1935) investigated a large number of dyes, and found that the 
only ones secreted by the stomach were those capable of acting as basic dyes. 
Forty acid or amphoteric dyes studied were not eliminated by the gastric glands. 

Following administration of I'*!-trypan blue, Stevens, Lee, Stewart, Quinlin 
and Gilson (1949) found radioactivity in the stomach in concentrations comparable 
to that in tumor tissue, but much less than in the liver, kidneys and spleen. 
While trypan blue is an acid dye by virtue of its sulfonic acid groups, it also 
contains basic functional groups. Moreover, splitting of the azo linkage with 
the formation of amino groups is known to take place in the animal body. The 
radioactive iodine could have been directed to the stomach by a fragment of the 
dye made more basic by this cleavage of the azo linkage. Another possibility 
is that this radioactivity was due to the presence of the iodide ion formed by 
removal of the iodine from the aromatic ring. It is well known that the iodide 
ion is secreted in considerable amounts by the stomach. Unless it can be shown 
that the 2,7-FDS* reached the stomach by passage through the bile and regur- 
gitation from the duodenum, it may be necessary to revise present ideas of the 
secretory mechanism of the stomach. 


SUMMARY. 


A synthesis is described which incorporates radioactive sulfur (S**) into the 
molecule of disodium fluorene-2,7-disulfonate. The distribution of radioactivity 
in the tissues of tumor-bearing mice following a single injection of this compound 
was studied at 2-, 8-, and 32-hour intervals. The ratios of concentration of 
radioactivity in tumor tissue to the concentration in other tissues were deter- 
mined. By comparison with similar ratios for I"*!-labelled trypan blue, the 
fluorene compound has increased the ratio of localization in tumor tissue com- 
pared to liver, kidneys, spleen, blood and muscle. This investigation showed that 
the localization of a sulfonic acid in the liver and spleen of tumor-bearing mice 
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does not necessarily exceed the localization of this compound in the neoplastic 
tissue. 


The author is indebted to Dr. Francis E. Ray for his valuable suggestions 
and to Mrs. Hilda Banks for technical assistance. 
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In the course of their original work on the metabolism of 3: 4 benzpyrene 
Weigert and Mottram (1946) noted that once the hydrocarbon had been intro- 
duced into a tissue it could only be extracted with difficulty. Repeated and 
prolonged washing of the finely minced tissue was found necessary to remove the 
hydrocarbon and its metabolites. In view of this “ binding” of the carcinogen 
and its derivatives within the cell an attempt has been made to fractionate mouse 
liver after treatment with 3:4 benzpyrene. The aim has been to separate 
cellular components by centrifugation techniques and then to check the isolated 
fractions for the presence of the hydrocarbon. 


MATERIALS AND METHODS, 


All the experimental work described in this paper was carried out with Strong 
A mice of 10-12 weeks age. The liver was chosen for detailed work as being 
easily handled, of adequate bulk, and as a site where metabolism of 3: 4 benz- 
pyrene is known to occur. The hydrocarbon was introduced as a colloidal sus- 
pension by intraperitoneal injection. This method was deliberately chosen as 
offering the best chance of avoiding the presence of undissolved particles of 
hydrocarbon in the blood vessels as occurs after intravenous injection. All mice 
received one intraperitoneal injection of 1 c.c. of distilled water containing 10 
mg. of benzpyrene. 

For the fractionation of the liver into its cellular components it was desired 
to use a technique which would allow of the isolation of clean nuclear, mito- 
chondrial and residual cytoplasmic fractions. The best known method for iso- 
lation of intact mitochondria is that devised by Hogeboom, Schneider and Pallade 
(1948). This involves maceration of the tissue in 0-88 M sucrose solution, removal 
of nuclei by low speed centrifugation and then isolation of the mitochondria by 
further differential centrifugation. The mitochondria obtained in this fashion 
are excellently preserved, but the nuclear fraction was found to be heavily con- 
taminated with mitochondria. These were firmly attached to the nuclei, appar- 
ently by electric forces, and despite repeated washing in a variety of solutions 
appeared relatively immovable. 

During these attempts to separate the nuclei from their adherent mitochondria 
it was found that the latter carry a negative electric charge, and also, have an 
isoelectric point around pH 5-0 — 5-1. Attempts at fractionation using sucrose 
svlutions buffered at various levels were tried, but only complicated the problem, 
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as they caused agglutination of the mitochondria and their consequent sedi- 
‘mentation with the nuclear fraction. . 

Methods, such as the modified Behrens technique used by Mayer and Gulick 
(1942), where fractionation is done in organic solvents, were considered im- 
practicable on the grounds of being liable to remove any bound benzpyrene 
from the tissues. Attention was then turned to the standard methods for iso- 
- lation of nuclear fractions. These involve maceration in citric acid solutions 
followed by centrifugation. Since it is generally accepted that mitochondria 
are destroyed by acids these did not appear hopeful. However, it was found 
that using ice-cold 1 per cent citric acid as advocated by Mirsky and Pollister 
(1946) it was possible to remove a clean nuclear fraction, and then by further 
centrifugation at higher speed to obtain a mitochondrial fraction. The mito- 
chondria obtained in this fashion were a bit swollen and distorted, but still stained 
readily in very dilute Janus Green B solutions. In bulk the fraction obtained 
in this fashion compared favourably with similar fractions obtained using sucrose 
solutions. This result was rendered less surprising, however, when it was found 
that the literature references to the solubility of mitochondria in acid only refer 
to acetic acid. 

On the basis of the above findings a technique using citric acid was developed. 
At selected intervals after injection the mice were killed by a blow on the head, 
opened, and the entire liver removed. This was examined under a U.V. lamp 
with Wood’s glass filter, and any particles of benzpyrene detected—their fluores- 
cence shows very distinctly against the background dull blue fluorescence of the 
liver—were washed off with normal saline. The liver was chopped up with 
scissors and macerated in 200 c.c. of ice-cold 1 per cent citric acid solution in 
distilled water. The resulting mixture was strained through four layers of gauze 
to remove fibrous material and then spun down at 1500 x g. for 15 minutes. 
This sedimented the nuclei as a clear white mass. This fraction was resuspended 
in 0-2 per cent citric acid and then spun down again. 

The supernatant from the above was spun down at 22,000 x g. for 15 minutes 
in the Spinco Ultracentrifuge, and then washed in the 0-2 per cent citric acid 
solution. In this series of experiments no further fractionation of the resulting 
supernatant was undertaken. 

The nuclear and mitochondrial fractions were decanted and extracted with 
70 per cent purified acetone in distilled water, whilst a measured portion of the 
supernatant was added to purified acetone to give a 70 per cent solution. The 
70 per cent acetone was selected, as previous experience had shown this to be the 
best solvent for benzpyrene in tissues. All fractions were spun down again to 
clear them, and fluorescence spectrograms were made according to the method 
devised by Doniach, Mottram and Weigert (1943). By the same method refer- 
ence spectrograms of untreated nuclei, mitochondria, supernatant and a standard 
benzpyrene solution were made. 


RESULTS. 


The spectrograms obtained above were compared with the standard ones 
and a chart drawn up showing where the hydrocarbon was detected (Table I). 
The relative amounts of benzpyrene were estimated on the basis of spectral in- 
tensities, but no absolute measure of the quantities present was attempted. 
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TaBLe I.—The Distribution of Benzpyrene in Liver Fractions. 


Nuclei. Mitochondria. Supernatant. 
injection. 
2} hours ++ 
4 » +++ + 
5 
7 TT + 
18 ” ++ 
20 ++ + 
2 days ++ + 
3 ” ++ + eo 
4 » + 
5 ” + + + ais 
31 ” ++ 


+ = Benzpyrene detected. +-+ and +++ = well defined amounts of Benzpyrene. 
— = Benzpyrene absent. 


The hydrocarbon itself appeared in considerable quantity in the nuclear frac- 
tions taken at intervals of 2? hours to 21 weeks, whilst the mitochondria only 
contained the carcinogen during the interval of 4 hours to 5 days. At no time 
was any hydrocarbon detected in the supernatant. Examination of the residues 
of the fractions after extraction with 70 per cent acetone showed that all the 
benzpyrene was removed from the mitochondria with one washing, but that the 
nuclei required 3 or 4 separate washings to give complete removal. 

Careful examination of the plates obtained showed no signs of spectra which 
could be claimed as those of benzpyrene metabolites. This point is further 
considered below. 


DISCUSSION. 


Acceptance of the validity of the results above is dependent upon the accept- 
ance of ultracentrifugation techniques not giving rise to artefacts. This point 
has been much discussed recently, but in the present instance the question does 
not appear particularly relevant. It is unlikely that such a chemically inert and 
relatively insoluble substance as benzpyrene could have been transferred from 
one fraction to another during the extraction process. 

Assuming the results to be valid it appears that benzpyrene is rapidly trans- 
ferred to both mitochondria and nuclei, and in the latter case is held in an un- 
changed state for prolonged periods. Whether this persistence survives cell 
division has not been determined, but may be an issue of importance. This 
finding of benzpyrene in the nuclei confirms Berg’s (1951) report that nuclei 
in sections were capable of absorbing benzpyrene. That persistence could occur 
over such lengthy periods is also in accord with other work. In studies involving 
chemical extractions Miller (1951) found that hydrocarbon could be detected in 
skin 14 days after a single painting, whilst Berenblum and Schoental (1942) 
found persistence up to 120 days after subcutaneous injection and up to 20 days 
after intraperitoneal injection. 

Although benzpyrene is known to be oxidised in the liver no traces of meta- 
bolites were found during these experiments. The absence of the primary oxi- 
dation products, BpX, and BpX, is accounted for by the fact of extraction in 
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an acid medium. At pH values below about 7-1 both these compounds lose water 
to form 8-0 H benzpyrene. This latter has a rather indistinct spectrum, and may 
easily have been missed against the background fluoresence due to the tissue 
residues themselves. Equally it may have been oxidised still further to the 
5-8 quinone during the violent agitation associated with the maceration process. 
In any event it was considered that the experimental conditions employed were 
not suited to the quest for benzpyrene metabolites. 

The significance of the results obtained is difficult to assess. The evidence 
indicates that the carcinogen itself is transported to, and possibly concentrated 
in, the two major formed constituents of the cell. The apparent complete absence 
of any unchanged benzpyrene in the supernatant fraction may indicate a rapid 
rate of metabolism within the cytoplasm. On the other hand, the prolonged per- 
sistence of the hydrocarbon within both nuclei and mitochondria would suggest 
that it is not metabolised and thus removed from these sites. 

Whilst these experiments have not solved the problem of the intracellular 
metabolism of benzpyrene, they do indicate further lines of progress. If the 
suggestion that the carcinogenic hydrocarbons are oxidised by the addition of 
hydrogen peroxide formed during the oxidation of normally occurring cell con- 
stituents put forward by Calcutt (1950) is correct, then it should be possible to 
detect alterations in the state of oxidation of the various cell fractions. 


SUMMARY. 
1. A technique for separating both mitochondria and nuclei from liver has 


been developed. 

2. This method has been used to fractionate mouse liver after intraperitoneal 
injection of 3 : 4 benzpyrene. 

3. Examination of the resulting fractions has shown the persistence of un- 
changed hydrocarbon in mitochondria for up to 5 days and in nuclei up to 21 
weeks after injection. No trace of benzpyrene was found in the supernatant 
fraction. 

4, The results and their significance are discussed. 
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Kuen, Arcus and Ray are unable to confirm the presence of fluorene-2-azo-2’,4’-di- 
hydroxybenzene in the gastric contents of rats, mice and guinea-pigs following the intra- 
peritoneal injection of this carcinogen dissolved in propylene glycol (p. 264). 


Arcus has studied the distribution of radioactivity in the tissues of tumour-bearing mice 
following an injection of disodium fluorene-2,7-disulphonate labelled with radioactive sulphur. 
She concludes that the localization of a sulphonic acid in the liver and spleen of such animals 
does not necessarily exceed the localization in the tumour tissue (p. 273). 


Catcutt and Payne find unchanged 3:4 benzpyrene in the mitochondria up to five days 
and in the nuclei up to three weeks in mouse liver cells after intraperitoneal injection of this 
carcinogen (p. 279). 


SURVEY OF PAPERS. 


KRreEyYBERG finds that the efficiency of our criteria for making a diagnosis of breast cancer 
as early as possible is such as to lead to a cure rate in the vicinity of 50 per cent. A consider- 
able number of patients have already developed metastases beyond therapeutic control at 
the moment of earliest possible diagnosis. He considers that a plea for “‘ early diagnosis ” 
should nevertheless be maintained because earliness is of importance in a restricted number 
of individual cases (p. 157). 


Dent and WALSHE give an account of a patient with a massive primary carcinoma of the 
liver in whose urine large quantities of ethanolamine were regularly found. The results of 
investigating the urine of the patient’s parents and siblings and of a series of cases of primary 
and secondary carcinoma of the liver are also reported (p. 166). 


Dontacu finds that radioactive iodine administered to rats alone and combined with a 
subsequent course of methylthiouracil increases the incidence of thyroid tumours. He 
suggests that the present dosage of radioactive iodine used in the treatment of human Graves’ 
disease may eventually prove carcinogenic (p. 181). 


BretscHowsky describes functional and non-functional basophil adenomata of the 
pituitary in conjunction with adenomata of the thyroid found in aged rats. He considors 
the basophil adenomata to be true tumours of thyrotrophs, and believes the syndrome to be 
due to an inadequate iodine content of the diet (p. 203). 


IGLESIAS, MARDONES and LipscHuUTz report experiments with intrasplenic ovarian auto- 
grafts in castrated female guinea-pigs lasting up to three years. They discuss the evolution 
of luteomas in these grafts (p. 214). 


IctEs1as, MARDONES and LipscHutz discuss the hormonal imbalance which may even- 
tually lead to the formation of tumours in the intrasplenic ovarian graft in castrated female 


guinea-pigs (p. 221). 


CoHEN and CoHEN have measured the response of C3H mammary adenomacarcinomas 
in mice to X-rays by precise dosimetric techniques. The LD,) was found to be 5700 r for 
the tumour in situ as against 2850 r for attenuation prior to implantation. Animals cured 
were found to have no resistance to a subsequent implant of the tumour (p. 231). 


LASNITZKI has studied the morphology and growth rate of frozen 8 37 and T 2146 tumour 
cells in the abdominal cavity of C3H mice and in tissue cultures. Explanation of ascites 
tumour cell suspension in tissue culture is followed in both tumour strains by the trans- 
formation of the free round forms to spindle cells shortly after incubation (p. 238). 


DmocuowskI and STICKLAND find that the distribution of succinoxidase in mouse mam- 
mary cells shows a different distribution from that in liver cells, the large microsomes con- 
taining an appreciable amount of the enzyme. No difference in content or distribution could 
however be detected between normal lactating breast cells and mammary tumours of mice 
(p. 250). 


Caxcutt has stained cells from transplantable mouse sarcomas supravitally with tetra- 
zolium salts. He finds that the mitochondria, nucleoli, nuclear membrane, chromosomes 
and Golgi apparatus all stained, but with varying intensities and at varying rates, and dis- 
cusses the significance of his findings (p. 260). 
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